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Preface 








This book is intended for students, lecturers and researchers in the bio- 
logical and medical sciences. It is designed for both experienced 
programmers who wish to develop into interfacing and for the complete 
beginner who wishes to learn useful programming. 

In our opinion microcomputers can play a number of important roles in 
the biological and medical sciences, but we believe that their most out- 
standing contribution lies in equipment control and the on line sampling, 
storage and analysis of data. This requires communication to occur 
between the experimental equipment and the computer, a technique 
which is known as interfacing. This book attempts to remove the mystique 
of interfacing and show that the simplest approach is generally the most 
appropriate for the life sciences. 

Our approach has been developed from running a number of short 
courses at Lancashire Polytechnic and elsewhere on interfacing biological 
equipment to computers. From this experience of teaching interfacing we 
have found that even complete beginners to computing can be writing 
quite sophisticated programs within a few days. We have attempted to 
present the information in what we consider to be a logical sequence, how- 
ever it should be possible to read any chapter or chapters in isolation as, 
wherever appropriate, cross-references to related information have been 
provided. We would recommend that you should read the overview 
presented in Chapter 1 before you attempt any other chapters if the 
concept of practical interfacing is new to you. 

We have found that our progress in computing developments has been 
greatly assisted by many factors, two of the most important ones being: 

(i) ensuring that we are developing our programs/interfacing around a 
particular experiment; 

(ii) using a signal simulator unit for testing programs as they develop. 
The simulator allows us to mimic the biological signal which we 
would expect to obtain, without requiring the whole experiment to 
be performed at the development stage. 

With regard to the hardware requirements for interfacing (the electronic 
components and leads etc.) the strategy we have adopted is to suggest 
particular suppliers of relevant hardware whilst at the same time outlining 
the specific requirements for particular situations. 

All the programs listed in this book are available on disc from the 
Business and Industrial Centre, Lancashire Polytechnic, Preston PR1 2TQ. 

The authors would like to thank H.M.I. Ken Thomas for recognizing the 

_ importance of, and for his confidence in, our work. Mike Peek of the School 
of Electronic and Electrical Engineering of Lancashire Polytechnic was 
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always around late in the evening and helped to explain the complexity of 
the 1 MHz bus. Finally we would like to thank our students who via their 
enthusiasm for their computing projects have taught us some new 
approaches and a lot about the problems of computer interfacing. 


Lancashire John Brown 


1986 Rob Strettle 
Colin Sutherland 
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1. An Overview of Interfacing 
Equipment with the BBC 
Microcomputer 








One of the most important applications of microcomputers in blology Is 
that they can be linked up to laboratory equipment. This is known as inter 
facing and allows analysis of experimental results and equipment contro! 
to be porformed automatically 

Several involved in interfacing laboratory equipment 
‘with microcomputers and these are shown in Fig. 1.1 

Each of these stages will now be considered in turn 








The Equipment 





Most laboratory equipment is capable of providing, or can be made 10 

provide, an electrical output corresponding to the events being measured, 
Unfortunately the maximum voltage output from laboratory equipment 

can be extromely variable ~ from as litle as a few millivolts up to several 

volts. In order to connect equipment to the BBC microcomputer the 

‘voltage output from the equipment must fail within a well detined 

For example the analogue input port (‘analogue in’ port) on the 
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Fig. 1.1. Stages involved in interfacing 


2. An Overview of Interfacing with the BEC Microcomputer 


BEC needs an input voltage in the range O-1.8 volts. (The input require- 
‘ments of the User port are dealt with in Chapter 7.) 





Signal conditioning 





The output voltage of laboratory equipment willprobably not fall within the 
Voltage requirements for input to, for instance, the ‘analogue jn’ port on 
the BEC. Therefore one of the frst things to be done is to manipulate the 
voltage output of the equipment so that it falls within the necessary limit 
The signal may need to be amplified or attenuated, a process known 
‘signal conditioning’. Signal conditioning is dealt with in Chapter 2. 








Analogue to digital conversion 





Microcomputers donot understand graduslly changing or 
fanaiogue) voltages, they only understend numbers. Therefore the 
‘analogue input voltage must be converted (digitized! into a number the 
‘computer can recognize. This isthe role of the analogue to digital (A=D} 
onvorte. 

‘A-D converters vary in the number they produce for a given analogue 
input voltage. An 8 bit A-D converter wil give a number in the range of 
0-2 9, 0-255 over the nput voltage range (sea Chapter 3 and Appendix 
3it youd not understand bits and bytes), A 12 bt converter will provi 
hhumbor between 0-2"? (0-4095) forthe same voltage range. A range of 
commercially available A-D converters are available which connect into 
the User port or the 1 MH bus on the underside of the BBC: 

Fortunately for Biologists the BBC has four A-D converters fitted into 
the rear of the machine and labeled ‘analogue in’. These are ideal for the 
‘majority of Biological applications. Each A-D converter ie 12 bit, Le. it 
produces a number in the range O-2'#(0-4098), The manufacturers of the 
BBC have arranged for this digital number tobe multipliod by 18 so thatthe 
final digital number entering the computer wil bein the range 0-B5520. 

Thus the ‘analogue in’ ports require an input voltage between Oand 1.8 
volts which will be converted into a number between O and 65520 (see 
Table 1.1), 























‘Table 1.1 

Input volts Digital number entering computer 
° ° 

0.25 9100 


05 18200 
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Table 1.1. cantd 


Input volts Digital number entering computer 


0.78 27300 
1.0 36400 
1.25 ‘45500 
15 54600 
178 63700 
18 85520 


Relationship between the input voltage tothe ‘analogue 
(port and the digital umber entaring the BBC 
‘microcomputer. 





Entering the digital number into the computer 





‘The method employed to enter the digital number Into the computer varies 
‘according to whether the input is ia the ‘analogue in’ port, the User port or 
the 1 MHz bus. Input via the ‘analogue in’ port will be dealt with here (s 
Chapter 7 for User port and 1 MHz busi. 

‘The model B BBC microcomputer has four A-D converter input channel 
humbered 1, 2, 3 and-4 (though to confuse the issue the wiring diagram in 
the BBC User Guide labels them 0, 1, 2 and 3). 

To call in a digital number from a particular channel the ADVAL 
Instruction is used (A to D converter VALue) and the channel to be used 
signified, i.e. ADVAL(1) will cll in a number from channel 1 

Channels can be samplad every 10 miliseconds or more slowly if 
requited. If more than one channel is in use it requires approximataly 10 
milliseconds to sample each channel in sequence. 

The following simple program gives a basic input routine. 














10 cis 
20 FORN = 17010 
30 LET B = ADVAL(1) 
40 PRINT 8 
50 NEXT N 


This program will take 10 samples into a variable B, each at approxi- 
‘mately 10 millisecond intervals (the PRINT statement will take up some 
time also). The values of B willbe printed on the screen. 

For many bialogicat purposes a sample every 10 milliseconds is a little 
excessive, The sampling rate may be controlled to the user's require- 
‘ments by using the computer's own internal clock. This clock counts jn 
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110 millisecond intervals and may be accessed using the TIME, INKEY or 
INKEY$ instructions. Therefore the sampling rate can be delayed by one 
‘second by the use of lines 50 and 60 in the following program 


10 cLs 


20 FORN = 17010 





30 LETB = ADVAL(1) 
40 PRINT. 

50 TIME = 0 

60 REPEAT UNTIL TIME = 100 
70 NEXT N 











ymples have been taken into the computer and entered into 
B. Howaver Bs updated each time a samples taken and thus all 
‘earlier data is lost. 

Data manipulation requires the use of the incoming information. For 
‘ample, the incorning data may be plotted on the screen in the sama way 
itis normally plotted on a chart recorder. The following program would 
‘allow this to be done. 











10 MODEO 
20 FORN = 170 1000 
30 LETB = ADVAL(1) 
40 DRAW N,8/64 

50 NEXTN 


This program draws across the screen using as its X co-ordinate the 
current value of Nin the loop and as its Y co-ordinate the incoming value of 
B (see Chapter § for details of using the DRAW instruction). B had to be 
divided by 64 since the peak digital number from the A-D converter 
(65520) vastly exceeds the number of co-ordinates on the Y axis of the 
‘monitor screen (0 to 1023, see Chapter 5), 

Ina similar fashion the incoming data could have been used to plot & 
‘graph or histogram. Again however, although a picture appears on screen, 
the information has been lost. If further analysis on the data is to be 
pertormed it will need to be stored in memory or on disc. Data analysis is 
covered in detail in Chapter 6 and data storage is covered In Chapters 3 
and 4. 
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‘Output from the computer 





“The BBC micracomputer has @ number of output faci 
‘the User and Printer ports and the 1 MHz bus. 
‘Two types of output control are available: 
(a) on/off switching to control equipment such as stepper motors, mains 
‘switches etc.; 

(ba variable analogue output voltage which requires a sep: 
inalogue {D-A) converter to be connected to the computer. 

These output control facilities of the BBC are dealt with in Chapter 7. 





ss. These include 








digital 10 





2. Signal Input into the BBC 
Microcomputer 








{tis ikely that one of the first questions to be asked is ‘Will be able to link 
(please insert an appropriate word such as spectrophotometer,, 
fansducer etc.) to the computer?". In the majrity of situations 
the answer to this question is almost certainly yes, especially if the device 
In question can be connected to a pen recorder. Ifthe piece of equipment 
ddoes not have an obvious electrical output do not despair. it may still be 
possible to link to a computer. A few ideas on this topic are presented at 
the end of this chapter. 














Selection of the input port 





‘The first question which needs to be considered is “To which input port 
‘should the equipment be connected?’ To a certain extent this depends 
‘upon the nature of the electrical signal, which may be either an analogu 
‘continuously variable voltage) or digital (8 signal which can only be on or 
off) signal. In the majority of cases the signal will probably be an analogue 
signal so this willbe the main consideration here (see Chapter 7 for digital 
Input) 

There are two major mechanisms for the connection of input devices to 
the BBC microcomputer. These are via: 
(i) The ‘analogue in’ port which can be found on the + 

‘microcomputer; 
(i) Either the User port or the 1 MHz bus which can both be found on the 
Underside of the microcomputer, 

‘An example of how such connections might be made is illustrated in 
Fig. 2.1 

From Fig. 2.1 itis evident that to connect to the ‘anelogue in’ port you 
‘need only a signal conditioning unit (Palmer Bioscience supply an appro: 
priate unit, whereas to connect to either the User port or the 1 MHz bus 
‘you require two units, a signal conditioning unit and an A-D converter. 
‘There are a range of suitable interface devices available. Some of these 
‘contain both a signal conditioning unit and an A-D converter (examples 
being the Palmer Bioscience and Philip Harris interface units) and some 
‘contain only A-D converters (an example being the Interbeeb Unit supplied 
by Griffin & George). 

Inthe authors” experience, input via the ‘analogue in’ port is probably the 
‘most appropriate in the majority of cases for the following reasons. 
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Fig. 2:1. Input connections tothe BBC microcomputer viata the ‘analogue in’ port, 
‘a b) the Usor port or 1 Mie tus. 


(i) The cost of external intertace components is considerably less than 
When using the User port or 1 MHz bus, as you are using the 
‘computer's own AD converter 

(ii) Programming is easier to understand when using the ‘analogue in’ 
port, as there is no need for an understanding of inditwetion operators 
(see Chapter 3) 

(li). The accuracy of determinations is greater when using the ‘analogue 
In‘ portas the A-D converter produces numbers in the range 0-4095 
(the computer then converts the numbers to cover the range 
(0-65520), Usually when using the User port or 1 MHz bus the 
analogue to digital converters only produce numbers in the range 
0-255 for a similar voltage input. 

Situations when input via the User port or 1 MHz bus may be more 








appropriate can be envisaged, a few examples being: 
{i)_ Hfmore than the 4 input channels thst are available on the ‘analogue in’ 
port are required: 





(i) readings are required ata faster rate than one every 10 milliseconds, 
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singe this is the fastest sampling rate of the “analogue in’ port; 
(ii) commercial software based upon the User port or 1 MHzbusis tobe 
(iv) If purchase of a ‘complete’ interface package which is suitable for use 
{8 both an input and output interface is contemplated, 

‘Thus in the majority of examples of programming quoted in this book the 
Input to the computer will be via the “analogue in’ port. It will therefore be 
necessary to connect the piece of equipment to the computer using a 
signal conditioning unit as shown in Fig. 2.1a. 








‘Simulating biological signals 








When developing intertacing programsit may be very inconvenient tohave 
to connect a computer to a series of pieces of equipment, and to have to 
run @ complete experiment to test a part or all of the program. One 
‘native isto use a device which can mimic the eapected signal. Lancashi 
Polytechnic Business and Industrial Centre market auch a signal simulator 
Unit. This is avery simple device with a single variable control which allows, 
the voltage input into the “analogue in’ port to be varied over the rango of 
0-1,8 volts thus enabling manual simulation of a range of biological 
signals, 














Use of the ‘analogue in’ port 





‘The programming of the ‘analogue in’ port has already been described in 
Chapter 1. In this section the characteristics of the ‘analogue in’ port are 
dosctibed 

‘The ‘analogue in‘ port is a 4 channel input port which allows four inde- 
pendent analogue voltages, in the range O-1.8 volts, to be fed inta the 
‘computer. The arrangement of the 4 input channels Is shown in Fig. 2.2. 

Its possible 0 read a digital value (after analogue te digital conversion) 
{tom any one of the 4 channels using the ADVAL instruction followed by 
the channel number in brackets, 1.2. 


LETB = ADVALIT) 
will read a value from channel 1 into a variable B; 
LETC = ADVALIA} 


will road a value from channel 4 into a variable C 
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apvaL (2) apval(4) 
cH CHS 





Ho He 
ADVAL (1) OVAL(3) 


Fig. 2.2. Input connections for the ‘analogue in port viewed trom the rear of the 
[BBC microcomputer. The nomenclature i ws deserted in the BBC User Guide and 
please note that the channel numbors disagree with the appropriate ADVAL 
Instvetion eumber 








‘A program containing the ADVAL instruction can sample the ‘analogue 
In’ portno faster than once every 10 milliseconds. However we have found 
that the input is such that the required channel may not have updated its 
imple after this 10 milisscond interval. Consequently the same number 
‘can be read trom the “analogue in’ port on more than one visit although the 
input signal changing. This problem canbe overcome i all 4 chan 
not In use, by using the *FX16,X instruction. This statement disabl 
‘channels with a number greater than X. 1.8. *FX16,1 disables channels 2, 
‘Band 4 and ensures accurate recording on channel 1 

Unfortunately the ‘analogue in’ channels only respond to voltagesin the 
ange 0-1.8 volts and thus if a place of equipment which has either a low 
voltage output (lass than 0.5 volts) or @ high voltage output (above 
1.8 volts) is to be connected it will be necessary to either amplify or 
attenuate the signal respectively. 

Probably the 
signal conditioning unit (such as the signal conditioning unit available from 
Palmer Bioscience), If you are lucky enough to be using a piece of 
‘equipment which has @ voltage output in the correct range its possible to 
‘connect the equipment directly (via a suitable lead and plug) to the 
‘analogue in’ port. Howaver there is a danger that the computer may be 
damaged by a voltage surge when switching the equipment on or upon 
changing sensitivity ranges. Thus for direct input to the ‘analogue in’ port it 
‘necessary to quatd the computer against damage and it may be con 
Yeniant to use a signal conditioning unit. A simple protection circuit, 
iustrated in Appendix 1, should be used i itis necessary to input a signal 
directly into the comput 
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Adaptation of equipment for computer interfacing 





Probably the majority of equipment which does not have an obvious 
voltage output wil fall into one of two categories. The first category Is 
‘equipment which is using electrical signals to cause deflection of ameter, 
‘galvanometer or similar display-In such pieces of equipmentitisnecessary 
to connect a pair of leads across the output to the meter and use these for 
the signal input. However, itis essential to be extremely careful as there 
‘may be danger of an electric shock if certain components are touched or a 
wrong connection is made. or alternatively the equipment may be 
damaged. Hence the maxim is - i there is any uncertainty, don't. Go and 
‘consult an expert 

The second category is equipment (or sclentific experiments) with no 
evidence of a suitable electrical signal existing. In this case a transducer 
must be used to convert the particular event into an electrical sign 

‘A whole text could be devoted to the use of transducers in biology, 
however we can only hope to maks the reader aware of some of the pos: 
siblties (Table 2.1). An example of how equipment with no electrical 
‘output can be made to give one and be interfaced is given in detail In 
Chapter 








Table 2.1 












A potentiometer (single or 10 turn} 


sure Strain gauge 

lon concentration {a} pH or ion selective electrode 
(b) Conductivity 

Flow {a} Electromagnetic transducer 


(0) Doppler flowmeter 


Light intensity Photoelectric cell 
Liquid tavet (a) Conductivity 
(bh) Strain gauge 





Alist of possible transducers of intrest in tlogy. 


‘The approach to take depends upon the particular situation, If it is 
essential to use a particular piece of equipment (for example a spirometer 
‘or plate counter or animal activity monitor) then the most appropriate way 
0 produce an electrical output of the parameter being measured must be 
selected. Alternatively for some experiments it may be better to change 
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‘the approach by designing the apparatus around the particular transducer: 
e.g. if a manometer is being used to measure pressure, replace the 
‘manometer with a pressure transducer. With abit of luck and ingenuity itis 
Usually possible to interface most experiments to a computer, 


3. Data Storage in Memory 








One great advantage that microcomputers have over other types of 
recording device is their ablity to store data so that it may be manipulated 
and reused, Several methods are available for the storege of data in the 
Fomputer's own memory 








Storage using variables and arrays. 





“The simplest method and one that all programmers will be farnillar with is 
the use of variables, i.e 


LET V = 200 


tells the computer to store the number 200 in @ variable called V some- 
where deep in the computer's memory. Variables may be given a wide 
range of names but their use is limited in interfacing since they are mora 
appropriate for storing single values rather than sets of date. They a 
however a useful source of temporary storage which is updated as the 
program proceeds (sve thelr use in the ADVAL statement in Chapters 1 
and 2) 

‘Amore appropriate data storage device isthe variable array. An array is 
‘ong tist of variables each capable of storing a piece of data, An 
ba af any length, providing there is sufficient memory spaci 
computer needs advanced warning so that it can allocate sufficient 
memory to your atray. This i achieved with the DIM (dimension) 
Instruction, Le 

















IM C500) 


tells the computer to reserve memory for 500 elements of data which are 
10 be stored in the variables C(1!, Ci2), C(3) to C1500). (In practice the 
computer would allocate 501 locations or elements since C(O) |s also 
valid.) Using an array the variable C{ } is easily updated so that each 
incoming element of data is stored in a separate variable, i.e. 





10 DIM C(1000) 
20 FORN = 1 TO 1000 
30 LET CIN) = ADVAL(1) 
40 NEXT'N 
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would take in 1000 samples through A-D converter channel 1 and place 
‘these values in C(1} to C(1000), The loop valve of Nis used in line 30 t0 
Update the element in the array of Cl), 

Arrays provide a simple means ot storing incoming data which can easily 
be retrieved from memory. For example the above program could be 
‘expanded as follows: 


50 MODE O 
60 FORN = 10 1000 
70 DRAW N,CIN)/64 
80 NEXT N. 





‘Which would plot the data stored in the array across the acreen, 
‘The disadvantage of arrays is that they use alot of memory and there a 
‘more economical ways of using the computer's memory, 








Storing data directly in memory 








Bits, bytes and computer memory 





‘wasteful of memory amore appropriate method of da 
‘storage is to place the data directly in the computer's memory. 1 
ory easy procedure but to get the most out of itrequires alittle knowledge 
‘of the way in which the computer stores data, 

Most computers {including the BBC) store numbers in binary form, 0. 8 
‘number systam based solely on the digits O and 1. These binary digits 0 
and 1 are called bits. A single bithas alimited use since it can only store the 
humbers 0 and 1. To overcome this problem the BBC uses a group of B bits 
known as a byte. Each bit can be either ‘on’ or ‘otf’. je. it m 
umber’ or ‘0’, Each bit within a byte represents one in the 
the powar of (0, 1, 2, 3, etc.). For example bit 6 represents ‘0" when 
‘switched off and 2° je. 64 when switched on. Table 3.1 shows a few 
‘examples of number storage within one byte. 


























Table 3.1 

ait a Sry nr ee eer ar ee? 

Represents CN Ee eg ee We tee ae 
th 8 we 8 4 

A 0 1 09 © 0 0 0 1465 

8 0 0 0 6 o 6 0 o«0 

m= SMM Tee WP Reet 125. 








14 Data Storage in Memory 


‘Thus one byte (8 bits) can store any number between O (example B) and 
255 (example C). Example A shows that the binary code 01000007 
means (1 x 64) + (1 = 1) = 65. Appendix 3 contains programs to 
ilsteata the conversion between B bit binary and decimal notation. 

‘On the BBC each memory location's 1 byte (ie. 8 bits} and can therefore: 
store a number between O and 255, It should now be obvious that if a 
‘number greater than 256 is to be stored, more than one memory location 
will be needed in which to do so. For example the variables and arrays 
discussed above each requite five memory locations (8 bytes) to store & 
single data element. 











Memory map 


‘The model 8 BEC microcomputer has over 32000 memory locations 
bytes! of Random Access Memory (RAMI. This isthe part of memory that 
‘can be addressed directly and can store data. These memory locations are 
‘numbered from 0 to 32767. This sounds like an enarmous amount of 

















Mooe 7. MODE 
ts 
Himen| 31748 
veees | |} new 
Lomem} 8300 LOMEM 
304 
° 











Fig. 3.1. Memory maps (RAM) showing available storage space in MODE 7 and 
MODE 0. 
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mamory and few users, at the outset, would dream of using more memory 
than this 

Unfortunately these 32000 bytes of memory are never all available to 
the user since other parts of the software impinge on the memory (s 
Fig. 3.1) 

‘The first 3584 memory locations are allocated to the system varia 
‘These are general housekeeping routines linking with the compute 
‘operating system and should not be confused with the memory locations 
used for storing the variables in a program. 

‘A program has to be stored in RAM and this is loaded in from location 
3884 upwards. Therefore the longer the program, the less available 
memory for data storage. 

‘The computer graphics and monitor screen memory are also stored in 
RAM. To make things interesting this is stored from location 32767 
downwards 

Screen memory in MODE 7 (Teletext display! is loaded down to location 
31744, Using graphic modes or other text modes uses more memory and 
the higher the resolution of the graphics, the more memory required to 
‘store that screen information (Table 3.2). 

















Table 3.2 





Graphics/Text loaded fram memory location 
MODE 32767 down to 


12288 





Noeaun-o 








Use of memary 10 stave graphics and text in various modes. 


Thus in MODE 0, with an averoge sized program (loaded up ta memory 
{ocation 8300) the 32000 locations available for data storage have been, 
‘suddenly reduced to about 4000 (12288 — 8300), This may sound terribly 
confusing and you may well ask how you are ever going to know exactly 
‘where you can put your data. Fortunately this is easily done by using the 
Instructions HIMEM and LOMEM. Thus the statement 


PRINT LOMEM 





will indicate where the top end of your program finishes and the first fr 
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‘memory location starts. Note that as you continue to write your program 
‘the position of LOMEM will increase. 


PRINT HIMEM 


will indicate the uppermost memory location you can use. 


‘Addressing memory locations directly 


‘At last how much (or litte! memory is availabe for data storage is known, 
‘Tho methods available for placing data into memory and withdrawing data 
{rom memory now need to be examined. This s achieved on the BBC by the 
‘use of indirection operators. The three indirection operators are shown in 
Table 3.3. 














Table 3.3 
Inaipection 

‘operator ‘Nome Action 

? ‘query addresses 1 memory jocaion (byte) 

1 pling addresses & memory locations (bytes) 

° dollar adresses up to 288 memary locations (byto 





‘The inateetion oparators. 


‘The indirection operators ? and ! are the most appropriate for interfacing 
‘work and the diacussion here will be restricted to them. 
‘Th indirection operators can be used to place data in or retrieve it rom 
ecified memory locations. The BBC User Guide suggests that memary 
can only be addressed using hexadecimal notation. This isnot the case, If 
the hexadecimal notation is to be used see Appendix 4 

‘The fist step is therefore to decide which memory location(s) are to be 
used, For example, if memory location 9000 js to be addressed 








79000 means “the contents of memory location 900° 
0 the statement 

10 79000 = 55 
Wil make the memory location 9000 take on (ie store) the value 58, Note 
‘that since the indirection operator ? addresses only one memary location 


(1 byte) it can only store a whole (integer) number between 0-255, 
Data may be retrieved from memory in 2 similar way, (2. 





200 
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‘will make the variable D take on the value storedin memory location 9000. 
D would be 55 in our first example. Memory location 9000 would however 
still retain the value 55 for future use as could be demonstrated by the 
‘statement PRINT 78000, 

‘When writing programs the memory Jocation will need to be incre: 
mented s0 that each new data element willbe storedin afferent memory 
Jocation. This is most easily achieved by setting a variable equal to the first 
‘memery location to be used, 


10 M = 9000 
and data can be stored as Follows: 


5 cls 
10 M = 9000 

20 FORN = 17010 

30 LET B = ADVAL(1)/256 
40 PRINT TABI2,N);8, 

50 7/M+N) = 8 

60 NEXT N. 


‘and retrieved in the following manner 


70 FORN = 17010 
80 PRINT TABI18.NI;7(M +N) 
90 NEXT N 


Une 10 sets the initial memory location, line 30 ensures that the incoming 
‘A-D converter value (066520) can be stored in one byte by dividing by 
256, Line 50 sets memory location (M+Ni, i, 9001, 9002 etc, equal to 
the incoming value of B. Line 80 prints out the value stored in memory 
location (M-+Ni, ie. the values stored in memory locations 9001 -9010. 

The indirection operator ? addresses only one byte, as shown on p. 16. 
Providing that the incoming value can be reduced to the range 0-255 this 
provides the most efficient use of scarce memory. 

Larger numbers can be stored using the indirection operator! (pling). 
Pling Is used in exactly the same fashion as ? but uses four memory 
locations at a time. Thus | could have been used in the last program simply 
by changing lines 30, 60 and 80 as follows 














50 UM+IN"4)) = B 
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60. NEXT N 
70 FORN = 17010 

80 PRINT TAB(1B.N):1(M+(N*A)) 
90 NEXTN 


‘The use of | allows storage of any number between O and 2 butthe costs 
Wanton use of valuable memory. Interfacing in biology rarely requires 
storage of numbers greater than 65536 (2"*) and numbers of this 
magnitude could be stored in only 2 memory locations (2 bytes) 
WW data with values in the range 0-65536 is to be saved whilst 
‘conserving valuable memory the instructions MOD and DIV can be used. 
You may have realised by now that 








65536/256 = 256 


‘Any number up to 65536 can be divided by 256 and the integer answer 
‘can be stored in one byte while the remainder can be stored in another 
byt 

The Instruction DIV divides a whole number and leaves the integer 
‘answer ignoring the remainder while the instruction MOD divides a whole 
number and gives the remainder, while ignoring the integer answer 

Thus a number can be split into two parts and stored seperately, for 
example 








42500 DIV 256 = 166 142500/256 = 188.015625) 
42500 MOD 256 = 4 


‘The numbar 166 can be stored in 1 byte (the integer answer) whilst the 
number 4 {the remainder) can be stored in a second byte. To pull the 
‘number back out of memory, itis necessary to read the memory location 
containing the integer answer (= 166), multiply this by 286 (256 = 166 = 
42496}, and add to it the contents of the memory lacation containing the 
ramaindor (42496 + 4 = 42500). For example 


cs 
M = 9000 

FORN = 070 40 STEP2 

LET 8 = ADVAL(1) 

PRINT TAB(O,N/2):8 

2M+N) = B DIV 256 

7IM+N+1) = 6 MOD 256 

NEXTIN 

FOR N = 070 40 STEP2 

PRINT TAB(18,N/2);(7(M-+NI*256) + 7/M+N-+1) 
NEXT N 
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Alladvantages have some cost, and the cost of conserving memory het 
js a slight increase in run time (5 milliseconds per sample). For programs 
‘not running at full speed this may however be a useful device ta conserve 
memory. 





‘The unbracketed DIM 


(Once the art of addressing memory locations directly has been mastered, a 
slightly more sophisticated approach can be used, Normally, as shown an 
'p, 12, an array is declared by a DIM instruction in the form 





IM cr1000) 


‘This would allow the saving of 1000 data elements in 5000 bytes, since 
five bytes ate reserved for each element. 

However the unbracketed DIM instruction simply reser 
of bytes indicated, 


18 the number 








IMC 1000 


Would reserve 1000 bytes somewhere in memory, 

The start address of these 1000 memory locations is stored in the 
\oriable C. To address any particular memory location use ? (query! and" 
(pling) in exactly the same manner as betore, 4.0 





10 DIMS20 
20 FORP = 17020 
30 INPUT R. 

40 71S+P)=R 

50 NEXT P 


10 DIMS 20 
20 FORP = 1 TO 20STEP 4 
30 INPUT R 

40 S+P) = R 

50 NEXTP 


{Fthe start address is needed, insert 
15 PRINTS: 
‘The advantages of this technique are several; 


i) The initial memory location for data storage does not have to be 
decided, the computer does that itself: 
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(i) Because the computer chooses the start address of the data, the 
rogram will work in any mode and with subsequent program 


_additions, providing sufficient memory is available; 
(ii) If sufficient memory isnot available a warning willbe given early inthe 
program rather than crashing into memory half way through. 


4. Saving on Disc and Tape 








‘One af the mast useful facilities on all microcomputers isthe ability to save 
‘and load information. The SAVE and LOAD commands allow storage of a 
particular program on disc oF tape and recall into the computer's own 
‘memory at will. Equally useful however is the facility to save and load 
‘experimental data although this is achieved by different means, 

‘There are many occasions when it will be necessary to save dat 
‘examples of which ar 
i) To avoid losing data when the computer is switched off; 
(i) To save a complete memory bank from RAM because the computer's 

‘Wn memory cannot store all the data: 

li) To build up a bank of data over an extended period: 
liv) To store data continuously rather than storing it in RAM. 
‘Two main mechanisms are available for storing o 
(i) Saving memory banks trom RAM: and 
Ui Saving variables, arrays and strings. 

‘This chapter will deal specifically with storage on disc although disc and 

identical (except where indicated), Tape storage howover 

in extremely slow. 
(oring data either an empty formatted disc is needed, or, if tho 
dy contains some data, the available storage space may be 
‘optimized by entering “COMPACT into the computer (*COMPACT is not 
available with tape storage). 






























‘Saving memory banks from Random Access Memory (RAM) 





faving data from specific memory locations 


Dota which has been stored in specific memory locations using indirection 
‘operators ?, !or $ may be saved and reloaded using the "SAVE and * LOAD. 
‘commands, To achieve this the initial and final memory locations of the 
data must be known. 

Inorder to uss * SAVE and “LOAD commands tis essential to use hexs- 
{decimal notation to address the memory locations. This presents very few 
problems since the computer can be used to convert between decimal and 
hexadecimal notation. Ta obtain the hexadecimal number the instruction 
PRINT™ is used. Thus PRINT ~ 12000 followed by RETURN will give the 
hexadecimal number. When using the BASIC language the computer will 
only recognize that 3 number isin hexadecimalif that numberis prefixed by 
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& (known as ampersand). Consult Appendix 4 for an explanation of 
hexadecimat notation. 

For example, imagine that some data has been stored from memory 
Jocation 12000 (82EE0) to location 15000 (83498). (Remember youcan 
convert to hexadecimal notation by typing PRINT~ 12000.) This 
‘complete bank of memory can be saved using the command 


* SAVE tlename. start address finish address 
“SAVE DATA 2560 SA9B 

‘and may be reloaded into those memory locations by 
*LOAD DATA 


“The hexadecimal notation in the * SAVE command is essential since the 
BASIC interpreter is bypassed in this process and the machine operating 
‘systom is addressed directly. This means that the BASIC language is not 
‘baing used and the operating system understands hexadecimal numbers 
only and does not require & as 2 prefix. Since the BASIC language is 
bbypasned the operating system does not require inverted commas around 
the filename nor does It actually discriminate between upper and lower 
case characters, 50 








‘sove dato 2EEO 3A98 


would have performed equally wel 
Problems may arise if this data bank is to be stored several times during, 
the course of running the program since each bank of data will overwrite 
the last one on disc. Thisis due to the fact thatthe filename - DATA in this 
‘case ~ will remain unchanged. 
Itis possible, however, to update the filename as often as required in the 
following fashion, 





5 cls 
10 M= 12000 

20 FORX = 1TO3 

30 FORN = 1 T0 3000 

40 LET B = ADVAL(1)/256 
50 7IM+N) = 8 

€0 NEXT N 

70 ON X GOSUB 100,120,140 
80 NEXT X 

90 END 

100 *SAVEDATAt 2660 3498 
110 RETURN 


‘Saving on Disc and Tape 23 


120. *SAVE DATA? 2EEO 3A98 
130 RETURN 
140 *SAVE DATAS 2EE0 3A98 
150 RETURN 


‘This program will save a total of 9000 bytes of data in three separate 
blocks. Lines 30 to 60 save data from memory location 12000 to 15000 
Which ls saved under the filename DATA} on disc, The process is then 
repeated saving the files DATA2 and then DATAS. (N.B. the RETURN in 
line 110 cannot be placed at the end of line 100 as |RETURN since in li 
100 the operating system is being addressed directly and BASIC instruc: 
tions are ignored.) 








‘Saving screen graphics 


‘The “SAVE ond *LOAD commands have an additional useful attribute 
Since screen memory Is also held in RAM (both text and graphics) the 
‘ourrent screen details can also be stored on disc. 

In Chapter 3 It was shown that the screen memory locations were 
follow: 








MODE Memory Location 
01,2 12288-32768 (&3000-&8000) 
4,5 22528-32768 (&5800-&8000) 


“Thus the serven details may be saved by 


MODE 0, 1,2 "SAVE SCREEN 3000 8000 
MODE 4, 5 * SAVE SCREEN 5800 8000 


To reload the screen itis necessary first to place the computer into the 
correct MODE for that particular screen then type 


“LOAD SCREEN 





screen memory will then be loaded and run automatically. (Note that th 
js no significance in using the filename SCREEN, any filename could ha\ 
been used.) 
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‘Saving variables, arrays and strings 





I data has been stored ina series of variables. in an array or as string, the 
ser will have no idea exactly where the computer has stored the dat 
memory. Although there are ways of finding this out tis cumbersome and 
beyond the scope of this book. Without knowing precise memory lacatlons 
the "SAVE command cannot be used. 

BBC BASIC contains 2 number of instructions which enable the saving 
‘and reloading of data in variables, arrays and strings. These are 








OPENOUT 
OPENIN (or OPENUP in BASIC. 
PRINT # 
INPUT # 
CLOSE # 


For example thy 





ment 
10 D = OPENOUT "FILENAME" 


‘opens a channel (0) and allows a new file (called filename) to be written to 
diac; Using 


20 PRINTYD,8 


dota stored in the variable B will pass from the tomputer to disc, down 
‘channel D where itis seved. The variable (D in this case) simply holds the 
‘channel number for alt communication between computer and dise. This 
‘channel must finally be closed: 





30 CLOsEND 
Thus 


10 C= 200 
20 D = OPENOUT "DATA’ 
30 PRINT#D,C 
40 CLOSEND 


would open a file called DATA and print the value of C to disc, The 
communicating channel is then closed. 

Alternatively it may be desirable to save the contents of an existing 
‘array. This Could be achieved using 2 program of the following type 
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10 DIMci20) 
20 D = OPENOUT "DATA" 
30 FORN = 17020 

40 PRINT#O.CIN) 

80 NEXT N 

60 CLOSE#D 





This program would open a file called DATA at channel D and PRINT 20 
‘elements (C(1) to C120) to dise 

{tis most important that the channel is closed once the communication 
to discis complete. In developing programs the user may find some frustra 
tion it the program breaks whilst the communicating channel is open to 
diac. If an attempt is made to rerun the program it will return with 


“File open at line 


‘This may be remedied by typing CLOSEFchannel (CLOSEAD in this caso) 
follownd by RETURN, 

Having saved data on a file the dat 
follows: 


‘can be re-entered at any stago 





10 DIM C120) 
20 8 = OPENIN “DAT, 
30 FORN = 17020 
40 INPUT#B,CIN) 

50 NEXTN 

60 CLOSE¥S 





Line 20 opens a channel for input to the computer whilst line 40 inputs the 
20 elements of data into the array C1) t0 C120). 

The incoming data can also be manipulated between the OPENIN and 
CLOSE instructions. For example line 40 could be roplaced with: 


40 INPUT#B,X 
42 LET CIN) = x*3 
44 PRINT CIN) 





Continuous downloading to disc 





(One advantage of the OPENOUT and OPENIN commands is that once a file 
is open data can continue to be passed to that file until the channel is, 
closed. Since a disc can hold far more data than the computer's own RAM, 


26 Saving on Disc and Tape 


this facility often overcomes the problem of memory shortage. 

Data Is printed (PRINTS) to 2 disc in a well defined format. Integer 
fhumbers are stored in five bytes, the first byte being &04 so that the 
‘computer can recognize the following four bytes as an integer number 
when reloading. Real numbers require six bytes of disc memory (starting 
with &FF) whilst strings require one byte for each character plus two 
‘additional bytes (one being &00 and the second signifying the length of the 
string 

‘Aa seen in Chapter 3 memory is a valuable commodity and the use of five 
or six bytes to store a single piece of data is excessive, Fortunately two 
additional instructions: 


epUuTH 
and 
aceT 


allow storage and retrieval of an B bit (0-255) number in a single byte on 
disc. This is much the same as the action of the indirection operator ? on 
RAM. 

Using these instructions a very large data base (limited only by the siz0 of 
the disc storage) can be saved dusing the course of an experiment, For 
example 





10 F = OPENOUT "DATA 
20 FORN = 1 T0 50000 
30 LET = ADVAL(1)/266 
40 BPUTIF,.B 

50 NEXTN 

60 CLOSERF 


This program would open a file called DATA on channel F and take 80000 
samples from A=D converter channel 1. Since this value may fallin the 
range 065520 jt is divided by 256 to ensure that it can be stored in one 
byte and each value of Bis then stored sequentially on disc 

‘Once the experiment was complete the data could be re-entered using 


70 F = OPENIN "DATA" 
80 FORN = 170 50000 
80 S = SGETEF 

100 NEXTN. 

170 CLOSEHF 
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27 
‘Note that the BGET# command operates rather differently from INPUT#. 


‘This program would be rather useless in practice since the variable § 
‘would be updated each time andat the endof the program S would contain 
only the final value of B, 

This problem may be overcome using the additional instruction’ 


PTRe 


which acts 9s 8 pointer for 2 particular channel (i.e. PTR#F) and points to 
the noxt byte of data to be read. When a file is opened PTRK is set 10 2070 
ready {0 1ead of write the fst byte. As a byte is read from the disc file the 
position of PTRE is updated automatically. The pointer can be set to any 
position n the fle toread any byte just like 7(M +N} can be used to read any 
byte in RAM. Thus any analysis which can be performed on data in RAM 
can equally well be performed on data stored on disc. Two additional 
Instructions which are of use in this respect are: 











EXTW which gives the number of bytes in the file; and 
EOF# which signals the end of the file, 


(NB The instructions PTR and EXT# are not available when 
tape.) 





wing on 





For example the last program could be rewritten {0 perform « data 


analysis (see Chapter 6): 





70 F = OPENIN 

80 LETY = 1 

90 REPEAT 

100 PTRIF = Y:LETS = BGET#F 

110 PTRIF = Y+5: LETT = BGET#F 

120 PTRIF = Y+10: LET U = QGETAF 

190 IFS <T AND T>U PRINT; “THERE IS A PEAK AT Y 
Y+s 

140 LETY =¥ +1 

150 UNTIL EOF#F 

1160 CLOSE#F 





ATA’ 








Ling 100 sets the pointer initially to the first byte (Y 
and places jt in variable S. 


). inputs that byte 


Line 110 sets the pointerto the Y + Sbyte(.¢. byte 6 initially) andinputsits 
Value into variable T. Line 120 does the same for the ¥'+ 10 byte (byte 17 
initially), the value being placed in the variable U. 
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Line 130 compares the values of S. T and U and continues to search for 
peaks. The program will end when it reaches the end of the file line 150). 


Once familiarity with the use of files is achieved, two ormare files can be 
opened simultaneously. This can be useful when recording several 
different pitces of information and where each element is to be stored 
‘Separately. This presents no prablem providing each tile Is addressed by a 
different communicating channel (variable), Le. 


10 X = OPENOUT “ONE” 
20 Y = OPENOUT "TWO" 
30 FORN = 1 TO 10000 
40 LETB = ADVALIT)/256 
50 LETC = ADVAL(2)/256 
60 BPUTAX,8. 

70 BPUTHY.C 

80 NEXTN 

90 CLOSER 

100 CLOSENX 


This will store 10000 values of B in file ONE (from A-D converter channel 
1), and 10000 values of C in tile TWO (trom A-D converter channel 2). 


5. Data Presentation 








‘Abiologist carrying out an experiment needs to decide how to present data 
= a5 a graph, histogram, table of results etc. Before looking at Data 
Analysisit is therefore useful tolook at the text and graphics capabilities of 
the BBC Microcomputer with a view to presenting data in the most 
appropriate way. 











Modes 





Thre are & different display modes on the BBC, available by using the 
Instructions MODE 0 to MODE 7. Modes 0, 1. 2. 4 and 5 select the 
rasolution of the graphics, the number of colours avai 

‘of columns required for text charactors (see the BBC 
3, 6 and 7 are purely text modes. This book, for the sake of simplicity, will 
Concentrate an the use of modes O and 4 since data presentation can bo 
adequately carried out with a 2 colour monitor. 

Figure 5.1 shows the format of the monitor screen in the 2 graphics 
‘modes which the authors find most useful (MODE O and 4). The monitor 
‘soreen can be considered as # having two grid ayatems, one for text and 
‘ona for graphics characters. 
































0 Columns 40 Column 
Ey 39 
ope o ope 
32 Lines a 32Lines sa 
1023 
ModE O on MODE 4 
1024 Yeo-ordinates] graphics 
Tere 
4280 co-ordinates 


Fig. 5:1. The formato the monitor screenin MODE O.and MODE 4 showing the grid 
_systems for text characters and graphics. 
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Text 
‘The text zero is at the tap left hand side of the screen and text characters 
can be printed at 2 defined position by using the appropriate column and 
line numbers in a PRINT TABIX.Y) instruction. e.g. 

PRINT TABIO.O):"A'" 


Will print an A at the top left hand side of the scroen wher 





PRINT TAB(39,30);""A"" 


will print the A at the bottom right hand corner in MODE 4 and at the 
bottom centre in MODE.O. If the PRINT instruction is used alone than 
printing will start at the top lett hand side of the screen and move down one 
line with each PRINT instruction, The X co-ordinate value on the grid, 
the column number. is always given fist in the TAB instruction. (Note the 
‘commonest mistake to make when using the TAB instruction Is to put a 
‘space between the TAB and the brackets following: thers must be no 
space.) 





Graphics 


‘The graphics zero is at the bottom left hand side of the screen. In both of 
‘the modes shown in ig. 5.1 Itcan be seen that there are the same number 
‘of Xand ¥ co-ordinates. The difference lies in the resolution, i.e. the size of 
the pixels (graphic charactors). The smallest graphics characters (pixels) 

‘only available in MODE 0. The pixels in MODE 4 are twice the size of 
those in MODE 0. 

‘Thore san invisible cursor for graphics Which is at the bottom loft hand 
‘corner of the monitor screen (grid position 0,0) when the computer is 
‘switched on. The MOVE instruction followed by graphics X,Y co-ordinates 
‘will move the invisible cursor to that X,Y position. The DRAW instruction 
followed by new X.Y co-ordinates will draw a line from the position of the 
Invisible cursor to the DRAW X.Y position. Try running the program belaw 
and then vary the X,Y co-ordinates. 








10 MODE 
20 MOVE 150,150 
30 DRAW 1000,150 


Note the same principles apply as described for the TAB instruction in 
that the X position (across the screen) is always specified first, but this 
time the co-ordinates do not have to be in brackets nor are there any 
problems regarding positions of spaces. 
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Printing a table of results 





One of the simplest ways of presenting data isin the form of a table, This 
‘can be achieved using MOVE/DRAW instructions to mark out the table and 
PRINT TAB to correctly position the text and numbers. The program given 
‘below Is very simple. Using PRINT instructions headings are printed across 
the top of the screen in positions defined by TABIX,Y} co-ordinates. A loop 
{is then set up to position the text cursor under each heading in turn to allow 
the values entered to be printed in the correct columns. Each circuit of the 
oop adds one to a counter to ensure that the next set of values are printed 
below the last set, Note the use of TAB with the INPUT statement, The 
inverted commas in fines 120 and 130 give a flashing cursor without the 
‘question mark being left on the screen. 








10 REM TABLE OF RESULTS 
20 
30 
40 
50 PRINT TAB(20,0);"He 
60 PRINT TAB(20, 1);"Beats/sec 
70 MOVE 0,930 
80 DRAW 1279,930 
90 MOVE 630,0 

100 DRAW 630,1023 

110 LETA = 4 

120 INPUT TABIO,A);"" 

130 INPUT TAB)20,A): 

140 LETA= A YT 

150 GOTO 120 











Graphs 





Itis essential to be able to draw. scale and label the axes of a gr 

‘as being able to plot points and join them. However three things appear to 

bbe a problem at firs: 

{i)_ Ifthe ongin of a graph is placed at the 0,0 co-ordinate there is no room 
left for labels etc.; 

(i) Text and graphic characters need to be matched up in order ta label 
‘the graph; 

(ii) Plotted points on graph need to be distinguished from the lines 

ing those points. 

All of these problems can be solved by the use of VDU instructions, 
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‘Moving the graphics zero 


The VOU 29 statement followed by X.¥ co-ordinates allows the position of 
the graphics zero to be moved, e.9. 


10 VDU 29,150;150; 


This program will move the X.Y. graphics zero to position 150,150 
allowing plenty of room to label and scale the axes of a graph using the X,Y 
‘co-ordinate 0,0 as its new origin. Confusion can be avoided if the VDU 29 
‘statement is put at the start of the graph drewing program zo that the same 
‘graphics zero is used throughout. Note the comma after the 29 and the 
‘Semi-colona after both the X and ¥ co-ordinates; the program will 
‘malfunction if these are not present. 








‘Matching text and graphics characters 


‘This can be achieved by using the VOU 5 statement which instructs the 
computer to use graphics co-ordinates to position text characters instead 
of the text column and fine numbers. Thus 





10 MoE 4 
20 VOUS 

30 MOVE 300,200 
40 PRINT."0" 

50 VDU4 


Will print the letter O at the graphics co-ordinate 300,300. The top lett 
hand corner of the letter O is placed at the position 300,300. Itis essential 
to put a semi-colon after the PRINT instruction whan using the statement 
YDU 5 since this semi-colon means PRINT immediately. The statement 
VDU 4 returns the computer to the use of TAB or normal PRINT for 
‘specifying text character positions; if this is not done and the program is 
listed, the screen does not clear and continually overwrites itself. Should 
this happen typing VDU 4 followed by RETURN allows the screen to start 
scroling again 








User defined graphics 


Distinguishing plotted points on a graph from the fines joining them Is 
achieved by surrounding the point with a user defined character 
placing a character like a square or 2 triangle (which you, the user, have 
defined yourself) around the plotted point. This can be achieved by yet 
another VDU statement - VDU 23. This allows you to define your own 
‘graphic character 
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The first number following the VOU 23 statement, (e.g. VDU 23,224) is 
the code used to label the particular user defined graphic. The numbers 
224 to 285 are available for user defined graphics so if several lines are to 
be plotted on the same graph then several characters could be defined and 
labelled as 224, 225, 226 etc, 

‘The principle of defining your own graphics characters is shown in 
Fig. 5.2. The squares in the columns across are given values 1,2, 4,8, 16, 
32, 64, 128 and the ines are numbered from 1 108, The squares need tobe 
filed in to produce the required character, Then working from ine 1 dowry 
wards the value of the squares filled in are added up across the horizontal 
plane and placed in the VOU 23 statement separated by commas, Thus 
VOU 23,224,24,36,66,129,129,66,36,24 specifies the hollow diamond 
‘shape shown in Fig. 6.2. The 24 comes from 16 +8 inline 1, the 36 from 
32+4 inline 2, the 66 from 64-+2 in fine 3, the 123 from 128+ 1 inline 4 
tte, Understanding of the principles of this method of defining your own 
‘graphics characters is enhanced by a study of bits and bytes which are 
covered in Chapter 3 and Appendix 3. ti essential to speci all 8 lines in 
‘Addition to the VDU 23,224, since falure to do's0 has widespread effects, 

To use a character once it hos been defined is done by the statement 
PRINT CHR8(224); with the number being the code for the particular user 
ddatined graphic required (note the semi-colon after the brackets meaning 
immediately). As with the matching of text and graphic characters VOU 5 
will allow a MOVE instruction preceding the PRINT CHRS(224); to 












































Fig. 5.2. The principle involved in defining a graphics character. 
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specify the platting position on the screen. As with printing text using the 
\VDU 5 statement, the top left hand comer of the user defined character 
will be positioned at the X,Y co-ordinates and small adjustments to 
the co-ordinates will be necessary for centering the user defined 
character. 

The program below illustrates three different user defined graphics ~ a 
diamond, a square and a cross. 





10 MODE 4 
20 VOUS 

30 VDU 23,224,24,36,66,129,129,66,36,24 

40 MOVE 400,500 

50 PRINT CHRS(224); 

60 VDU 23,225,255, 129,129,129,129,129,129,255 
70. MOVE 500,500 

80 PRINT CHRE(225); 

90 VDU 23,226, 129,86,36,24,24,36,66,129 

100 MOVE 600,500 

‘10 PRINT CHRS(226); 

120 vous 


Note that the user defined choracter can be defined by the VDU 23 
yment at any point in the program prior to its use. 








Constructing the axes af a graph, scaling and labelling them 





The first step is to decide which graphics mode to use. then the graphics 
Fo can be radetined and the axes drawn as for example in the program 
below. In this section one long program is split up for of 
understanding. 











10 REM DRAWING THE AXES OF A GRAPH 
20 MODE O 

30 VOU 29,150; 150; 

40 MOVE 1100,0 

50 DRAW 0,0 

60 DRAW 0.850 


‘Thus the graphics origin has been set 10 150,150 allowing room for 
labeling. 

To scale the axes a FORINEXT loop is set up to move the invisible 
‘graphics cursor 100 co-ordinates along the X axis and draw a short line 
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down each time around the loop. The minus signin ine 110 is necessary if 
line is requited to go below the X axis since line 30 in the above program 
repositioned the graphics origin (see page 32). 


70 REM SCALING THE AXES OF A GRAPH 
80 FORN = 1000 1100 STEP 100 

90 MOVE N,0 

100 DRAWN, = 10 

110 NEXT N 





AA similar loop can then be used to scale the Y axis at the Interv: 
raquirad. Note that the X and Y axes could have been scaled in the same 
FORINEXT loop but have been kept separate for clarity, 








120 FORN = 100 TO 800 STEP 100 
130 MOVE 0.N 

140 DRAW ~10,N 

150 NEXT'N 


Labelling the scale requires, in this instance, the use of the VOU 5 
statement (line 170) in order to be able to match the numbers printed with 
the scale marks, Again a FOR/NEXT loop is used to move the graphics 
‘cursor along the scale in reqular steps and the PRINT; instruction (line 210) 
is then Implemented with each circuit. In the example below the valu 

In 
value with each circuit. Note again the negative values  ~ 26) in the MOVE 
tatament to ensure that the labels go below the line The N-Bin the MOVE 
latament ensures the centering of the number on the scale mark. 




















180 REM LABELLING THE SCALE 
170 VOUS 

1B0 LETA = 0 

190 FOR N = 0 TO 1000 STEP 100 
200 MOVEN-8,-25 

210 PRINT:A 

220 LETA = A+10 

230 NEXT N 


Labelling the ¥ axis canbe performed ina similar way but in the following 
program the value af N in the FOR/NEXT loop is used both for positioning 
‘and printing the scale, Note the VOU 4 statement at the end of the labeling 
program to return to the TAB instruction for PRINT statements. 
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240 FORN = 0 TO 80 STEP 10 
250 MOVE ~50,(N*10) +8 
280 PRINT: 

270 NEXTN 

280 VOU 


Labelling the X axis is very simple since the whole label can go ina single 
PRINT TAB statement. Labelling the Y axis is more difficult because it may 
bbe necessary to print the ttle vertically down the screen. This can be done 
by using @ FOR/NEXT loop with READ and DATA statements as shown 
below. One letter trom the DATA statement is READ and printed each time 
round the loop, the value of Nin the loop being used to define the TAB 
position, 





290 REM LABELLING THE AXES 

300 PRINT TABI26,30):"Concentration of Potassium m.mol 
ny —3" 

310 FORN = 51015 

320 READ AS 

330. PRINT TABI.NAS: 








Plotting graphs 








before plotting it 
‘The graph plotting program below enables the input of values of X and Y, 
Via the keyboard, in the order in which they are required to be plotted and 
joined by a dotted line. Each point is surrounded by a squat 
defined by the VOU 23 statement. The DRAW instruction is then used to 
join the plotted points with a line. 

Mathematical manipulation of the values of X and ¥ in the MOVE and 
DRAW instructions is necessary in order to match the scale of the graph 
With the screen graphics co-ordinates, i.e. to ensure the points are plotted 
{in the right place on the graph. In this case the manipulation is very simple 
(6.10) because 10 m.mat dm~? takes up 100 X co-ordinates and 10 mV 
‘takes up 100 ¥ co-ordinates, 

Inthe MOVE and DRAW instructions inlines 450 and 460 the values of X 
‘and are multiplied by 10, This is because the scale ofboth axes gous upin 

-0, 10, 20, 30, etc. Since 10 scale units are equivalent to 100 X or 
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Y co-ordinates both inputted values need to be multiplied by 10, 

“The DRAW instruction produces a solid fine but alternatives are available 
‘using the PLOT instruction, for example PLOT 21.X.Y would draw a dotted 
line. There isa large range at PLOT statements available on the SBC and it 
is advisable to refer to the BBC User Guide should there be additional 
requirements to those suggested here. 

‘The MOVE instruction in ine 450 is necessary to stop aline being drawn 
in response to the first DRAW instruction from wherever the invisible 
‘graphics cursor happened to be (in this case it would be at the last position 
of the scaling and labelling routine in line 250). The same instruction is 
‘hiven in line 510 to be cartied out in each circuit of the FOR/NEXT loop to 
move the invisible cursor back to the PLOT position after printing the 
square araund the plotted point in the position defined by the MOVE 
instruction in line 480. This is essential to ensure that the dotted line runs 
{rom the centee of one square to the centre of the next 





360 REM PLOTTING GRAPHS 

370 VOU 23,225,285, 129,129,129,129,129,129,255 

380 PRINT TAB(30, 12):""HOW MANY VALUES OF X AND Y ARE 
‘YOU GOING TO PLOT" 

390. INPUT TAB(40,15):2 

400 PRINT TAB(20.12);" 


410 PRINT TABI40.15); i 
420 FORN = 1T02*2STEP2 
490. INPUT TABI75.NI:X. 

440 INPUT TABI75.N- 1):¥ 

450 IFN = 1 THEN MOVE X*10,¥"10 
480 PLOT 21,X"10,¥"10 

470 VOUS 

480 MOVE (X*10)~8,(Y*10) + 16. 
490 PRINT CHRS(225); 

500 YOU4 

510 MOVE X*10,Y"10 

520 NEXTN 

530 END 





Histograms and bar charts 





‘The first requirement is to be able to construct a bar, |.e. 2 filled in 
rectangle. This can be done by setting up 3 FOR/NEXT loop to draw a series, 
of lines, of @ particular length, one above the other. Lines 40 to 70 in the 
‘program below shows this construction. The MOVE instruction positions 
the invisible graphics cursor 400 X co-ordinates along the X axis and at one 
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Y¥ co-oftlinate above the X axis {in the frst circuit of the loopl. The DRAW 
Instruction in line 70 then causes a fine to be drawn 100 X co-ordinates 
long. ASIN increases by one each time round the loop the next line is drawn 
‘above the first and so on until the bar is 100 Y covordinates high. 


10 MODE 4 
20 VDU 29,200;200; 

30 MOVE 1000,0:DRAW 0,0-DRAW 0,800 
40 FORN = 1 TO 100 

50 MOVE 400.N 

60 DRAW 500,N 

70 NEXT N 


‘The next step is to be able to put the bar in any required position along, 
the X axis and to be able to increase the height of a bar. In the program 
‘below this is done by using a GOSUB routine according to the value of the 
‘number entered at fine 70. Thus "1" is entered the GOSUB routine tli 
110 is followed which draws a bar at position one on the X axis. tf a2" 
‘entered then a different GOSUB routine at line 170 is followed to put a bar 
In the next position. By having the variables 81 and B2 In the GOSUB 
routines and adding 100 to their values each time a routine is followed, the 
bars can be increased in height. 

1 this example only 2 bars can be drawn but more subroutines could 
‘more IF statements (as in fines 80 and 90) and 
‘etc. The program would however be rather 








10 MODE 4 
20 VDU 29,200:200: 

‘30 MOVE 1000,0:DRAW 0,0:DRAW 0,800 

40 LET BI =0 

50 LET 82 = 0 

60 PRINT TABI5,29);"Input either a 1” or a ‘2! " 


70 INPUT TAB{O,O}: 
80 IFC = 1 THEN GOSUB 110 
90 IF C = 2 THEN GOSUB 170 

100 GOTO 70 

110 FORN = 170 100 

120 MOVEO.N+Bt 
130 DRAW 100,N+Bt 
140 NEXTN 
150 LET B1 = 814100 
160 RETURN 
170 FORN = 170 100 
180 MOVE 100,N+82 
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190 DRAW 200,N+82 
200 NEXT N 
210 LET B2 = 82+ 100 
220 RETURN 


‘One way of shortening the program, andin addition providing a facility 10 
store the required data, isto use a DIM statement as shown in the program 
below. The enterad vaiue of C in ine 60 is used on its own to position the 
invisible graphics cursor and draw fines in the right position along the X 
‘axis (lines 90 and 100). The same value of Cis used tolabel the ’B' defined 
by the DIM statement B(C). This enables the bar to be drawn to the correct. 
height according to the numberof times that value of C has been entered 
(lines 70, 90 and 100). (See p. 12 for explanation of arrays.) 


10 MODE 4 
20 VDU 29,200;200; 
40 MOVE 1000,0:0RAW 0. 
40 DIM B(+0) 
60 PRINT TAB{O,0):""INPUT NUMBERS FROM 0 TO 9" 
60 INPUT TABIO.3);C 
70 LET BIC)=BIC) +1 
80 FORN = 070 200 
90 MOVE C*100,N"BIC) 
100 DRAW 100+ (C*100),N=BIC} 
110 NEXTN 
420 GOTO 60 





DRAW 0,800 





‘Since an atray of the type shown above can be used to store data, 
program of the above type could be used as part of a more extensive 
program, The data generated and stored in the array could then be recalled 
by Incorporating lines ike 80-110 within another loop to recall all the 
‘stored data from the array. 


6. Data Analysis 








‘The preceding chapters have looked in detail at the methods available for 

taking data into the computer and for storing that data in memory or on 

disc. If this were ail the computer could do it would have few significant 
intages over a pen recorder or oscilloscope. One great advantage of 
the computer is its ability to rapidly analyse this data and present itin an 

‘appropriate form. 

To appreciate the logic of data analysis within the computer it is 
necessary to understand fully the nature of the data which it has acquired. 
Pethaps the easiest way to understand this is to compare the data in the 
computer with the more familiar information drawn out on a chert 
recorder. A chart racorder provides 3 continuous recording of a signal 
Providing the speed with which the chart paper moves is known, data 
Seal onthe scotia ry kph eet tae a ler vd 9 
Nced aye to pick out the salient features of the waveform. 

Digital date sored inthe comer la different, netaad of woontwous 
recording the computer only stores samples of the information. This (6 
rathar ike connecting equipment to a voltmeter and taking readings {rom 
the voltmeter ot set intervals. Furthermore there is no specified tine base 
to the data and, when the data is in the computer's memory an expe 
rlanced eye cannot be used to pick out the required details. So betore any 
data analysis can be performed itis essential to decide the following: 

(i) How faat the incoming signal needs to be sampled in order to ensure 
that all its essential features are captured. f sampled too slowly some 
details may be missed, If sampled too quickly an excessive amount of 
‘data will be generated. There is no simple answer to this, each exper= 
‘ment must be considered on its merits (see Chapter 8), 

li) How a time basa for the data can be obtained, Its normally essential 
to know exactly when each sample was taken if accurate repro- 
duction or analysis of data is to be achieved, Two simple procedures 

Jnown in the following programs. 























W) To time a complete loop: 





30 LET A=ADVAL(T) 
40 NEXT X 
50 PRINT TIME/100-~" SECONDS” 


(i) To accurately time each sample within a siow Joop: 
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10 LeTT=TIME 
20 FORX=1 70.20 

30 LET A» ADVALI1) 

40 REPEAT UNTIL TIME =T = (X* 10) 
50 NEXT X 


(i) How the digital information is going to be analysed without using an 
‘experienced eye. This chapter is devoted to answering this question, 
Iris ot possible to cover here every conceivable analysis the user may 
wish to perform. Instead, an insight into possible ways of analysing 
typical biological signals is given. In each case the approach has been 
to determine the logic behind the conventional analytical approach. In 
‘ther words what itis that normally enables the user to pick out the 

salient features andanalyse achart recorder wace. This same ogichas 
gical analysis on the computer 

;pProach in mind its possible to recognize four 

of analysis of a biological signal 

1, Measurement of an area. 

2, Calculation of the frequency of an event. 

3. Measurement of the magnitude of a response 

4, Estimation of the gradient ofa ine and obtaining moasuremants from a 

tine 
In each case it wil be necessary to decide whether this d 

‘analysed ‘on ne’ 0.08 comesinto the computer or whether the 

to be stored for later analysis. This will depend to a large extent on the 

nature of the dota since the faster sampling takes place the less time 

‘available for ‘on line’ analysis. 
















b 














Measurement of an area 





‘There are @ number of situations where it may be required to measure the 
‘rea of a particular shape. A few examples of these requirements are when 
tig necessary to measure the area: 
W) of a shape drawn on the visual display unit (VDU) screen using a ight 
|. when measuring the area of a leaf); 
'8 chromatographic trace (e.g. s gas-liquid or high performance 
‘chromatography trace): 
Under a curve on a graph (e.9. in environmental population studies) 
‘The principle used to determine the size of an area s very simple. Allthat 
It is necessary 10 do is to sum together all the individual Y co-ordir 
values for every X co-ordinate occupied by the shape (see Chapter 5). This 
approach|s similar to considering the VDU screen as a piece of graph paper 
‘and the area can be calculated by adding together the number of extremely 
res on the graph paper which are enclosed by the shape, Whilst 
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situation in which the computer's mathematical skills can be used to 
‘maximum benefit, 

ymple of an rea determination is presented below. This repre- 
;Pproach which might be used to analyse ‘on tine’ the area.undet 
‘8 chromatographic trace. 

To analyse the area under a chromatographic trace (an example is 
lustrated in Fig. 6.1) the values entering the computer vie the analogue to 
digital converter (the values being proportional tothe voltage output of tha 
chromatogram) are all added together. 

‘The program below takes 1200 samples, displays them upon the screen 
‘and adds togather all the samples using the variable C as a counter, 














10 MODE 4 
20 LETC=0 

30 FORN=1 TO 1200 

40 LET B=ADVALI1) 

50 DRAW N,8/64 

60 LETC=C+B. 

70 NEXTN 

80 PRINT;""AREA UNDER CURVE. 








The value for variable C which is printed at line BO is directly propartionalto 
the areaunder the curve andis presented in arbitrary units. necessary the 
pragram can be slowed down using a timing delay 

The majar problem which is likely to be encountered with this type of 
analysis is that there may be a baseline level upon which the peakis) is 
‘superimposed. This problem may be overcome by subtracting the baseline 
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level trom the value to be used to determine the area under the curve 
‘Thus, for example, if @ baseline level of 20 Y screen co-ordinates lor 1280 
ADVAL ‘units’) was present upon 3 trace then line 60 in the previous 
program could be adapted to 


60 LETC=C+(B-1280) 


multiple peaks are present in a trace then it willbe necessary to initially 
Identify the peaks (see page 49) before analysis of the area under each 
peak can be determined. 

No attempt has been rade in this example to specifically calibrate the 
‘area measured, In many cases a relative area is adequate and in others it 
‘will be necessary to relate the area to that particular experiment. 





Calculating the frequency of an event 





{is 0 fairy common requirement in a biological experiment to need to 

‘measure the frequency of the occurrence of a particular event; 0 few 

‘examplus boing the measurement of heart rate from an electrocardiogram 

trace, drops passing through 3 drop counter, and animal activity from, 

photocell and ight beam nan activity monitoring cage, Before itis possible 
to discuss the logic of frequency analysis itis necessary to consider the 
factors which may affect the users approach to the problem. 

(i) Can the computer take samples at an appropriate rate to accurately 
tacord the information? 

(i) Ie the frequency the only parameter to be measured or is the 
magnitude of the wavaform required as wall? 

Iii) Ig the data to be analysed of an ‘on’Y‘ot” or a continuously variable 
nature? 

{iv} Is it required to determine either the interval between every single 
Wavetorm (interpulse interval), o the number of waveforms in a set 
period of time? 

(Once the decisions indicatedin the questions have been made its possible 

to plan a strategy for the analysis 

The problems with the rate af sampling must be the initial consideration, 

Generally it is likely that if @ reasonable quality graphics display of the 

waveform is obtainable than it should be possible to analyse the data ‘on 

IW however, the waveform cannot be adequately displayed on the 

‘screen, itis unlikely that it willbe possible to analyse the data ‘on line’ In 

this case one strategy which might be adopted is to store the data in 

memory as it enters the computer with subsequent replay of the data for 
analysis. If this is attempted, and it is possible to produce a reasonable 

‘ataphics display ftom this stored data, then i will now be possible to 
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‘analyse for frequency. Should the data in memory not present a true repre- 
‘sentation of the ariginal waveform the frequency is beyond the scope of a 
BASIC program and the computer's ‘analogue in’ port. A machine code 
program and a fast A-D converter attached to the User port or 1 MHz bus 
(see Chapter 7) would therefore be needed. 

In the authors’ experience it is possible to analyse ‘on fine’ up to @ 
frequency of 1 Hz. 10 store in memory a frequency up to 5 Hz and with a 
fast A-D converter using 3 machine code program to analyse a signal up to 
500 He. 

‘The logic of frequency determinations involves the identiicstion of 9 
characteristic portion of that waveform. This characteristic may be either a 
oak, a trough, or the passage of the wave through a certain threshold 
value. if both the magnitude and frequency of a waveform i to be 
dotermined then itis essential to undertake peak and trough identification 
‘88 described on pages 49-53, before it is possible to determine the 
‘frequency of the waveform. However if only the frequency of a waveform 
|s neoded then the passage of the waveform through a threshold value 
‘pproach is probably easier. This approach involves the selection of a 
Certain threshold value which is appropriate to the particular experiment 
‘and to detect each time the waveform passes this point. One way in which 
this might be achieved is ilustrated below. 




















10 REPEAT 
20 LET Y= ADVALI1) 
30 UNTIL ¥> 18200 


‘This section of program delays the program in the REPEAT-UNTIL loop 
‘ntl the voltage entering the analogue to digital converter in the computer 
‘exceeds a set threshold valve of, in this case, 0.5 volt. (An A-D converter 
value of 18200 = 0.5 volt. See page 2.1 

This section of program can then be combined with another 
REPEAT-UNTIL loop which delays the program until the A-D converter 
value falls below the threshold vaive. A combination of these twa loops 
allows the passage of the A-D converter value through a threshold value in 
‘one direction to be detected. A program involving two such loops (lines 50 
to 90 and 140 to 180) and a graphics display is presented below 


10 LET TI=0 
20 MODE 4 

30 *FX16,1 

40 LETX=0 

50 REPEAT 

60 LET Y=ADVALI1) 
70 DRAW X,Y/64 
80 LETX=X+1 
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90 UNTIL ¥>18200 

100 LET T2= TIME 

110 IF T1=0 THEN GOTO 130 

120. PRINT; "“INTERPULSE INTERVAL. 
“SECONDS” 

190 LET T1=T2 

140 REPEAT 

150 LET Y=ADVALI1) 

180 DRAW x.¥/64 

170 LETX=%+1 

180 UNTIL Y< 18200 

190 IF X>1200 THEN END 

200 GOTO 50 





(T2—T1)/100; 


‘This program will print out the interpulse intervals and frequency for a 
‘waveform entering the computer's A-D converter. Lines 100, 120 and 
130 are used to calculate the interpulse interval with the variable TT 
holding a value for the time at which the previous waveform transversed 
tho threshold value of 18200. The threshold value which is set in lines 90 
‘and 180 may be altered depending upon the magnitude and noise of the 


() 

















Time 


Fig. 8.2. Anillutration of choosing the correct threshold level for determining the 
{frequency of 8 wavelorm fr la) 3 continuously vanable waveform, and (b) an oni 
‘waveform. The theshold is critical in (a) but notin 


46. Data Analys 





Wavafotm to obtain a suitable ‘trigger’ level for waveform detection. ifthe 
Waveform is of an on/off nature the threshold value becomes less critical 
as it only needs ta lie between the high and low values (see Fig. 6.2) 

‘As an alternative to determining the interpulse interval it is possible to 
count the number of waveforms which occur in a set time interval and 
hence determine the overall frequency of the waveforms. A sample 
program is presented below. 











40 LET Z= TIME 
50 REPEAT 
80 LET Y=ADVALI1) 
70 DRAW X,¥/64 
80 LET X=+1 
90 IF X>1200 GOTO 190 
100 UNTIL ¥>18200 
110 LETC=Cet 
420 REPEAT 
130 LET ¥ = ADVALI1) 
140 DRAW x,Y/64 
150 LET X= +1 
180 IF X>1200 GOTO 190 
170 UNTIL Y< 18200 
180 GOTO 60 
190 PRINT “FREQUENCY = ";C*60/((TIME-2)/100);"" PULSES. 
PER MIN."" 


The examples illustrated in this section result in either the interpulse 
Intervals or the frequency of the wavatorm being printed upon the VOU 
‘screen. However. in a completed program these values can be stored in 
memory for either graphical representation or further analysis later in the 
program. 








Measuring the magnitude of a response 





Many biological experiments produce an output which requires measure: 
‘ment ofthe magnitude of a given response. Figure 6.3 shows some typical 
traces fram which s measurement of magnitude can be obtained. 

‘As can be seen these traces divide themselves into two basic types: 
{i)_a progressive movement of the trace in one direction from which the 
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(a) ‘Isolated organ bath (b) Onygen electroge 


{ 
i 
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Fig. 6.3. Some typical biological traces from which magnitude could be measule. 
‘The arrows Indicate the starting point of an event, Le. drug addition or stimuhis 





magnitude at specified intervals or of specified responses can be 
recorded (Fig. 6,30, bi; and 

i) @ waveform in which the magnitude from the base to the peak can be 
measured (Fig. 6.3c. d) 


‘Measuring magnitude from a progressively moving trace 


The types of trace jlustrated in Fig. 6.38, b represent some of the most 

difficult ones ta try to analyse if the user has no prior knowledge of the 

appearance of a ‘typical’ trace. For example, to determine the slope of the 

oxygen electrode trace ilustrated in Fig. 6.36 the following steps 

need 

(i) to identify the plateau regions at the beginning and end of the tr 

(i) to decide which portions of the trace represent the ‘true’ ra 
excluding an intial mixing period): and 

(ii) to datermine the slope of this portion of the trace. 

‘The programming is possible but difficult. However, if the typical time 
period over which the changes occur is known and the appropriate section 
‘of program can be started at the commencement of the change (using an 
INKEY or GET instruction) the analysis can be made much simpler. n this. 
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casa the analysis may be achieved by taking 3 series of values at set time 
intervals, Such analysis can be used in any experiment where itis possible 
to predict that events will have occurred over previously known time 
intervals, for example in analysing the contraction of s piece of isolated 
eum one minute after drug addition, In adgition tothe examples lustrated 
In Fig. 6.a,b this analysis could be employed for spectrophoto- 
metric/colourimetric analysis. plant growth measurement, bacterial 
growth curves ete: 

‘One possibilty for this type of analysis Is to use a slightly modified 
program from that illustrated in the section of data storage in memory (see 
page 17). A timing delay has been introduced between readings. 


cis. 
M=9000 
FORN=1T0 10 

LET B= ADVAL(1)/256 
PRINT TABI2.N) 
TIM + NI 
LET G=TIME 

REPEAT UNTIL TIME =G+ 1000 
NEXT IN 








S8ssssess 


‘This program would take 10 readings at 10 second intervals and place the 
values in random access memory (RAM) locations 9001 to 9010. The 
Intervals between readings can be adjusted by altering the delay which 
‘occurs in line 80. In this example storage of a number in a single byte using 
the ? (query) instruction is illustrated, but this principle could be applied to 
any of the other forms of memory storage described in Chapters 3 and 4 
Whilst the previous program may be satisfactory for some purpowes it is 
‘ikoly that the user will wish to observe events which are happening in the 
Intervals between readings using a graphical display. This may be achieved 
ng rather more readings, but only storing a few of these (at set time 

















40 FORN=170 1000 
50 LET B= ADVAL(1) 

60 DRAW N.8I64 

70 IF NMOD 100=0 THEN 71M +(N/100) 
80 REPEAT UNTIL TIME» G+(N*10) 

90 NEXT N 
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‘The majority of the programs similar to thet shown previously, however 
line 70 allows for the selection of every hundredth value, in which case the 
reading is storedin s memory location. A total of 10 values willbe stored in 
memory locations 9001-8010. Please note the use of the TIME 
Instruction in ines 30 and 80 which is designed to reduce errors which can 
‘occur due to the time taken for the program to be executed (sew page 41). 


‘Measuring magnitude from a waveform 





Many biological signals have a waveform nature (Fig. 6.3c, d} Le, electro- 
Ccardiogram, heart muscle contraction, gas chromatogram, atomic 
‘absorption spectrophatometer, etc. The magnitude of each response Is 
‘normally assessed by picking out the peak and the trough of each wa 
form and measuring between the two. But how can a peak of a rough be 
fecognized? The peak would probably be recognized by first picking out 
the rising phase and falling phase and then assessing the precise point at 
‘which one becomes converted into the other. 

How can this be done with digital information in the computer? Assume 
that 1000 samples of the waveform shown in Fig. 6.4 have been token 
land each sample has been stored sequentially in memory fram memory 
location 10000 to memory location 11000 using a program of the 
following type: 









10 MODE 80 LET A= ADVAL(1) 
20 *FK16,1 60 M+ N)= A256 
30 M=10000 70 DRAW N,A/64 
40 FOR N=0 TO 1000 80 NEXTN 
o. 
c 
a 
Sample stores Somple stored 
at 10000 ‘9111000 


Fig. 6.4 A visual impression of one batch of data stored in memory between 
memory locations 10000 and 11000. 8, € and D ate used to sample the data in 
memory ard ate gradually moved through the memory locations during the analysis. 
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‘The stored samples now need to be gone through to find the peaks and 
‘troughs. Initially itis necessary to recognize whether the trace is going up 
fr going down, The easiest way of doing this is to ask the computer to 
‘compare three sequential samples. This can be done by bringing samples 
fut af memory and placing them in 3 different variables (B,C and D) i 





90 X=1 
100 B=?IM+x) 

M10 C=?IM+ X41) 

120 D=?(M+X+2) 

190 IFB<C AND C<D THEN PRINT "GOING UP” 
140 IF B>C AND C>D THEN PRINT "GOING DOWN" 
150 X=K+1 

160 IF X= 1000 THEN END 

470 GOTO 100 


X in line 90 acts as a counter to increment the memory locations to be 
‘sampled until the 1000th sample is reached n ine 160. Variables B. C and 
D contain the digital qumber stored in three consecutive memory 
{ocations. If the trace was going up at the time of the samples thon B (th 
first sample} should be less than C, (the second) and D (the third). Thus the 
conditional statement in line 130 would be fulfilled and the fact that the 
{race ison arising phase would be confirmed. Altornativaly i the trace wax 
‘moving down the condition in fine 140 would be fulfilled If the trace wi 
oF regular neither condition would be fuiiled and the program would 
simply move through fo line 180 and increase the counter (X) by one. Line 
170 repeats the cycle and the program would go back to line 100 and 
‘sample the next 3 memory locations. 

‘Once it has been confirmed that the race is definitely going up or down it 
le to start looking for a peak or a trough, 

may be recognized by virtue of the fact that a rising trace is 
‘suddenly converted into a falling trace, Thus once a rising trace has been 
recognized in line 130 the program would go into a peak searching routine 
{lines 300 to 360) by modifying line 130: 























190 IF B<C AND C<D THEN GOTO 300 
300 REPEAT 
310 =X 





HM 4+ X41) 
340 Dn 2IM#X+2) 

950 UNTILB<C AND C>0 
‘380 GOTO 100 
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Lines 310-340 continue to sample sequential memory locations on the 
fising Wavetorm, Lines 300 and 350 repeat the operation of gradually 
‘moving through the stored data in memory until the point at which the 
value of Cis greater than the previous and subsequent memory locations is 
found. C therefore represents the peak 

To confirm that the trace is moving up or down the program returns to 
line 100 and recognizes subsequent peaks or troughs in a similar manner 
(s00 Fig. 6.5) 





LOAD DATA WTOMEMORY 


GOING UP? FLAT? GOING DOWN? 
Incramant| REPEAT REPEAT Increment 
counter Increment erement| \eovoner 
couner counter 
UNTIL coo. a c= 
‘STORE C STORE ¢ 
GAPEAR) (a TROUGH) 


Fig. 6.6 A flow diagram tutrating the rechniaue dexcribed in the tox for finding 
[peaks and troughs in a wavatorm, 


In theory this program is fine but in practice it has two flaws: 


() Normal biological signals leaving a transducer are not smooth but 
contain some noise. An exaggeration of this is shown in Fig. 6.6. The 
current prograrn would pick eut every minute component of this noisy 
waveform, There are several ways to overcome this problem. 
(a) Average several data points as they enter the computer and store 
‘this average value. 
(b) Sample more slowly so as to ignore minor flaws in the signal 
(providing you wan't miss important elements of the signal) 
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Fig. 6.6. This figure itustrates, in an exaggerated form. the noise that may be 
Inherent i a biological signal, though not abserved on a VDU screen display. 





{c} When analysing stored data, instead of sampling memory locations 
ext to each other, jt may be better to spread out the samp 
lines 100-120 and 320-340 could become: 





B= ?M+x) 
CHtIM+X+ a) 
De tM+X+8) 


{i The second problems that the statement in ine 350 can be too precis 
‘and would require an extremely sharp peak. This le best overcome by 
teplacing line 350 with: 





UNTILC>0 


‘A complate program to pick out peaks and troughs is shown below. This 
will require modification for the user's own purposes bearing in mind the 
sampling rate and the nature of the signal. Once the peak and trough values 
have been found and stored a simple subtraction will obviously give the 
‘magnitude. A furthae program applied ta a spirometer trace is shown In 
Chapter 8, 


10 cis 
20 *FK16,1 

30 MODES 

40 M=9000 

50 FOR P=1T0 1000 
60 LET A=ADVAL(1)/256 
70 7(M+P)=A 

80 DRAWP, 

90 NEXT P 
100 LET X=1 
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110 LET B=71M-+x) 
(M+ K+ 4) 

(M+ X+ 8) 

140 IF X>1000 GoTo 400 

150 IFB>C AND C>D GOTO 300 
160 IF B<C AND C<D GOTO 200 
170 LET X=X+1 

180 IF X>1000 GOTO 400 

190 GOTO 110 








250 IF X>1000 GOTO 400 
260 UNTILC>D 

270 MOVE x,c*4. 

280 DRAW x,(C*4) +100 
290 GOTO 110 

300 REPEAT 

310 LET B= 7iM+X) 

320 LET C=?IM+X+4) 
330 LET D=?(M+X+8) 
340 LET X=X+1 

360 IF X> 1000 GOTO 400 
360 UNTILC<D 

370 MOVE X,C°4 

380 DRAW x,(C*4) ~ 100 
390 GOTO 110 

400 ENO 





Estimating the gradient of a line and obtaining measurements 
from a line 





Gradient of a line 


Blologists frequently need to assess the gradient of a fine, for example 
When following the output from an oxygen electrode to calculate ther 
‘of oxygen consumption ~ oF production. 

‘The experienced eye may be tempted to “guesstimate’ the aradient of 
‘the line but the best approach would be a statistical analysis of the data. 
This is a job at which the computer excels. Statistical formulae may be 
‘obtained from any suitable text (i.e. Parker, R. (1979). Introductory 
‘Statistics for Biology, second edition. Edward Amold, London) and are 
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easily converted for use ina program by breaking the problem down intoits 
component parts, 

For example, to calculate the gradient of the line use a linear regression 
‘analysis, the equation for a straight line Being of the type: 


V=A+Bx 
where Y and X give the relative values for any point 

Bis the gradient of the fine 

‘Ais the point at which the regression line crosses the Y axis 


The sta 





tical equations for the gradient (B) and intercept (A) ara: 


(sum X * sum Y) 
Tum x ) 


sum *¥ 
8 





sum x? ~ 


ae(Se ele 











Sed 


In addition the user may assess how well the points ft the calculated line 
by obtaining the correlation coefficient (R) given by the equation: 








‘This looks horrifying in terms of programming but, in practise, from 
ooking at the equations there are only five variables to be calculated, 
namely: 

(a) sur of all x values (sum X) ~ given the variable name SX; 

{b) sum of all ¥ values (sum ¥) ~ given the variable name SY; 

{o} sum of the product X * Y (sum X * ¥) ~ given the variable name SXY; 
{d} sum of the square of X (sum X?) ~ given the variable name SKSQ; 

(e} sum of the square of ¥ (sum Y*) ~ glvan the variable name SYSQ: 


‘and of course the number of samples taken for the analysis (n} will need to 
tbe known. 

Each of the equations to calculate B, A or R can be selved once these 
variables have been calculated 

‘The calculation of the five variables can be performed at any point in the 
program once the individual X and ¥ values have been obtained, tor 
example: 
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10 FORN=1T0 20 
20 INPUT x 

30 INPUT Y 

40 SX=SX+X 

50 SY=SY+¥ 

60 SXY=SKY+(X*Y) 
70 SXSQ=SXSQ+(X2) 
80 SYSO=SYSO+(¥2) 
90 NEXT N. 


Lines 40, 50, 60, 70 and 80 are used to obtain the sum of the required 
variable, Once the five variables have been calculated, taking nto account 
all the values of X and ¥, the slope B, the intercept A and the coreelation 
coetticient R may be obtained. For example line 100 could calculate the 
slope (8) by’ 








100 B=(SXY—((SX*SYI/NI)(SXSO~ ((SX2)/N)) 
‘The value of A could be calculated trom: 


110 As (SYiNI~ 





(SXIN)) 


Now any value of ¥ can be calculated from a known value of X using the 
equation: 


YaA+ex 
120 Y=A+(B*X) 


‘The line teprasenting the best fit for the points can also be drawn 
knowing the ralationship between X and ¥ values and the co-ordinates you 
have used to plot them originally. For example assume that the X and Y 
values each fall within the range 0-900 and that their raw values hi 
bbeen used as the X and ¥ graphics co-ordinates to plot the points. Tha live 
of best fit may be drawn by: 








130 MOVE 1,(A+(8*1)) 
140 DRAW 900,(A + (B*900)) 


A.complete example of this approach is given in Chapter 8 but you may 
like to try the following program: 


10 MODES 
20 VOU 23,224,24,36,66,128,129,66,36,24 
30 FORN=1T0 10 
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40 INPUT X 
50 INPUT ¥ 

60 MOVE X~8,¥+16 

70 VOUS 

80 PRINT CHAS(224) 

90 Vous 

100 MOVE x, 

110 SK=SK+X 

120 SY=SY+Y 

130 SKY @SXY 9 (X*Y) 

140 SxsO=SxSO+(X2) 

150 SYSQ=SySa+ (2) 

160 NEXTN 

170 N=N-1 

1B0 B= (SXY = ((SX*SYV/NII/(SXSQ = ((SX2\N)) 
190 A=(SY/N)~(B*ISX/N)) 

200 MOVE 1,(A+(8*1)) 

210 DRAW 900,(A+(B*900)) 





Note that line 170 is necessary since on leaving the loop the value of Nis 
11 and not 10 as expected. 


‘Obtaining values from a calibration graph 





jonthvp. 
This would be true, for example, of a sodium calibration curve performed 
‘na flame photometer (Fig. 6.7). 


i 
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Itis undoubtedly possible te obtain an equation which describes this i 
and calculate the unknown from that equation. It would normally be easier, 
however, to draw a line across from the Y axis until it met the curve and 
then draw a vertical ine down from this point to find its intercept on the X 
axis (Fig. 6.7). 

‘This can be achieved on the BBC microcomputer by using the instruction 
POINT. The purpose of this instructionis to examine the colour of apixel at 
specified co-ordinates on the screen. This is achieved by a colour numbr 
being returned to POINT when particular co-ordinates have bet 
‘examined, (See section on colour graphics in BBC User Guide.) Thus in a 
two colour mode (MODE 0) the number returned to POINT will be Of the 
pixel is black (unit) and 1 If the pixel is white Ilit), The specified co- 
‘ordinates of POINT from the value of the reading IY value on the graphi can 
‘be moved horizontally until alt pixel (i.e. the curveitself, when POINT = 1) 
‘is found. A vertical line to the X axis will provide the unknown value 
(Further details of the use of POINT for other modes and colours can ba 
ound in the BBC User Guide.) 

The following program gives an example of the use of POINT, The 
Important section illustrating the use of POINT can be found in lines 
190-170, 

















10 MODEO 
20 VDU 29,200;200; 

30 MOVE 800,0:0RAWO,0:DRAW 0,800 
40 MOVE 0,0 

50 FORC=1 TOS 

GO INPUT TAB(2,2)"ENTER X VALUE™:X 
70 INPUT TAB(2,4)""ENTER ¥ VALUE" 
80 DRAW X.Y 

90 NEXT.C 

100 INPUT TABI2.6)"ENTER UNKNOWN''\U 
110 MOVEO.U 

120 T=1 

130 REPEAT 

140 ToT +1 

150 MOVET-2,U 

160 DRAW T~2,U 

170 UNTIL POINTIT.UI=1 

180 DRAW T.0 

190 PRINT “UNKNOWN: 
200 GOTO 100 











NOTE; This program will only work on MODE 0. The accuracy of this 
technique depends upon the resolution of the graphics. On low resolution 
‘graphics the value of T in line 120 will need to be increased. 





5B Data Analysis 


Lines-10 te 90 simply set up a calibration graph from the X and ¥ values 
‘entered in lines 60 and 70, 

‘The variable Tis used as a counter to move across the X axis. The colour 
of co-ordinates T, U are found in line 170 and if the pixel is lit, POINT = 1. 
To prevent errors the value of T must never = O since the Y axis has been 
drawn along this ine (.e. all the pixels are ti). In addition, itis necessary to 
lensure that the horizontal fine produced by fines 150 and 160 is always 
behind (T ~ 2) the POINT being examined. 

‘A full program showing the use of POINT in an interfacing situation is 
‘iven in Chapter 
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The ‘analogue in’ port on the BBC microcomputer provides the simplest 
‘means of interfacing biological equipment and is the most appropriate 
interfacing link for many biological purposes, However itis possible that 
the user's requirements cannot be satisfied by the “analogue in’ port. A 
few situations in which this may occur 
Ai) taking information into the computer ata higher sampling rate than is 
available via the inbuilt A-D converter, for example, i an electro- 
Ccardiogram is to be accurately recorded “on tines 
WW) taking in signals of an on/off nature as might be received from a 
witch, for example in a behavioural study to detect whether an 
‘animal passes in front ot a photocell: 
(ii) switching devices on or off such as per 
valves and solenoids; and 
{iv) sending out a variable voltage using a digital to analogue conver 
Whilst its not possible to cover all of these and other areas in this limited 
toxt itis possible to give an introduction to the mechanisms available for 
such interfacing 
In addition to the ‘analogue in’ port converter there are three other 
communication systems which may all be found on the underside of the 
[BBC microcomputer. They are called the User port, Printer port and | MHz 
‘bus. Of thasa thrac itis ikaly that it may be desirable to connect a printer to 
the Printor port. Thus although itis possible to design a system around the 
Printer port itis probably an unwise fong term strategy. The User port is 
relatively simpler to understand so this port is considered betorethe 1 MHz 
bus. The chapter continues with a description of some input and output 























tate pumps, stepper motors, 























‘The User port 





‘The User port san B data line input/output port. Each data ine operates in 
‘digital manner (i.e, 0 or 1) which represents an on/off signal. In addition 
to the B data lines there are 2 control lines, 2 low power 5V lines and 8 
‘ground (OV} lines making a total of 20 lines to which you may connect. 





Configuration of the User port and its connection to equipment 


Connection of equipment to the User port can be made using a 20-way 
insulation displacement socket (IDCI(RS Components Lid. Cat. No. 
467-289) and a 20-way cable (RS Components Ltd. Cat. No 360-122) 
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The socket and lead can be assembled ina press such as supplied by Radio- 
‘spares (RS Components Lid. Cat. No. 468-197 and 468-232). It is 
‘conventional for pin’ 1 of the plug (the pronged connector in the micro- 
computer) to be at the top right hand side of the plug when looking at the 
pn and the red line on the 20-way cable is usually connected to pin 1. 
‘The atrangement of the connections to the User port are shawn in 
Fig, 7.1 and the connections to the 20-way cable are listed in Table 7.1. 


Table 7.1 





Wire number Connection 
(counting from the right hand side, 
with red wire connected to pin 1) 














1 +5v 
2 Control fine 1 (CB1) 
Ri +5V 
4 Contvot tine 2 (C82) 
6 ov 
8 ‘Data line © (PBO) 

7 ov 
8 Dato fine 1 (PB1) 
9 ov 

10 Data tine 2 (P82) 

u ov 

12 Data line 3 (PB) 

3 ov 

14 Date tine 4 (PBA) 

15 ov 

16 Data tine 6 (PB5) 

7 

18 

19 

20 
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Operation of the User port 


‘There are two principal pieces of information which are essential to an 

understanding of the operation of the eight data lines. 

(i) Each data tine can operate as an input or an output line. 

(i) Each data line can only operate as either an ‘on’ or ‘off" device, For 
‘example if a signal output, relative to a OV line is requited, the user 
Would be able to measure approximately SV on the data line whem itis 
‘switched ‘on’ and OV on the line when itis switched ‘ott’. Conversely 
‘application of a OV or a SV signal to the data line would represent ‘off" 
land ‘on’ signals respectively when using the data line for input. 

The User port is controlled by a particular integrated circuit chip in the 
microcomputer which is called a 6522 Versatile Interface Adaptor (VIA) 
integrated circuit. The control of the 6522 VIA. and hence the User port, is 
brought about by reading from or writing to a particular area of memory 
called ‘SHEILA’. This is achieved using the ? (query) indirection operator 
‘described in Chapter 3. SHEILA covers a range of memory locations 
(65024-65279) of which only two are of interest inthis text. These two 
memory locations are 65122 and 65120 or &FE62 and &FEGO in hexa 
‘docimal notation! and they control the User port data direction register and 
UUsor port input/output register respectively, The data direction register is 
‘uged to instruct the microcomputer that the data lines are being used for 
tlther input or output, whereas the input/output regi ed to send or 
receive data to or from the User port. The system is arranged such that 
data ine 0 (sue Table 7.1) is controliad by bit Oin memory locations 65122 
‘and 85120, data line 1 is controlied by bit 1. data fine 2s controlled by bit 
2, etc, (nae Chapter 3 and Appendix 3 for an explanation of bits and byt 


























Programming the User port 


Use of the data direction register 
Before itis possible to communicate with equipment via the User port it 
ecessary to select the direction in which the information is required to 
travel. Generally, all the data fines will need to be either input or output 
lines and this may be easily achieved with one of the 1wo following lines of 
program. 








765122 = 0 


(all bits in the data direction ragister = 0} 





will set all the User port data lines as input lines, oF 


765122 = 255 
all bits in the data direction register = 1) 





fi 
will set all the User port data fines as output lines. 
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Itis algo possible to set some datalines as output and some as input lines. 
by entering a ’0" in the appropriate bit for an input line and ‘1" inthe bit for 
‘an output line. (See the section in Chapter 3 and Appendix 3.on bits to see 
the logic involved.) Thus, for example 


765122 





5 


will set data lines 0 to 3 as output lines and 4 to 7 as input lines. The bit 
pattern for this is 


oe 76543210 
ooo0o01111 


(bits 0 to 3 in the data direction register 





1, bits 4107 = 01, 


(Once the data direction register has been set for input and/or output on. 
the various data lines, it will remain in that conformation until reset by 
changing the value in 765122. Hence itis not necessary to set the data 
direction ragister before each input/output operation. 


Use of the input/output port for output 
‘Once the data direction register has been set, it's possible to communicate 
Via the User port in the chosen direction. initially output via the User port 
will be considered, 

Toswitch ‘on’ adataline, 21’ should be entered in the appropriate bitin 
the User port inpul/output register, The data line may be switched ‘otf’ by 
‘entering @ ‘0 in the same input/output port register bit, 

Thus to switch on and off data line 0 the following lines of program need 
to be used 








10765122 = 255 
20 765120 = 1 





Lina 10 sets the data direction register forall data tin 
Line 20 will then switch “on’ the data line. 


10 be output lines, 


30 765120 = 0 


Line 30 will then switch ‘off’ the data line. 

{fit is necessary to use more than one output data ine this can be easily 
achieved. If, for example, datalines O and 1 ate required the following ines 
of program could be used. 





20765120 =1 
This will switch on data line O but switch off data line 1- 


30 285120 = 2 
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Line 30 will switch on data line 1 but switch off data line 0. 

40 765120 = 3 
Line 40 will switch on both data fines and 

50 765120 = 0 


will switch off both data line 

more data lines are required they can similarly be switched on or off by 
placing a "t’ or 40" in the appropriate bit in memory location 65120. The 
number which needs to be ? (queried) into memory location 85120 may be 
calculated using the program in Appendix 3, oF the number required for 
data lines 0 to 3 is shown in Table 7.2. 

‘Such output control may easily be included into 8 program so that # 
‘device such as a peristaltic pump. stepper motor or light can be switched 
‘on for a period of time and then switched off again. For example the 
‘program below would switch on a device connected to data line 0 for 
‘seconds. The program could be inclided in a larger program as a sub- 
routine oF defined procedure which could be called up when It wat 
‘necessary to switch on the device. The length of time the device is 
‘switched on could be increased or decreased by altering the delay in line 
11030 (nee for example the program on the pH stat in Chapter 8). 








1000 765122 = 255 
1010 765120 = 1 

1020 LET 8 = TIME 

1030 REPEAT UNTIL TIME = 8 + 500 
1040 765120 = 0 


Table 7.2 





Searvonsen-o 
g 
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Table 7.2 contd 


Number Dara ine 

{hl dE) et 
n enon ff on 
12 off off = on on 
13 on otf, on on 
4 off on = onan 
15 on on onan 





‘An jhustration of the required number which needs t0 be? (queried) into memory 
Jocation 65120 (the User portinputioutput regis for switching on or off data ine 
O13, 


Use of the inputoutput port for input 
To use the User port as an input port it is initially necessary to sor the 
lected data lines as Input lines in the data direction register (see page 
51). Information may now be fed into the data lines from an external 
source. Whan the value in memory location 65120 is read, each bit is set 
by the voltage applied to the fine. f OV is applied to the line a ‘0° will bo 
presenti the rolevant bit and it SV is applied a 1 will be present inthe bit, 
Core must be taken to ensure that more than 5V is never applied to any of 
the data lines as this may cause damage to the microcomputer, 
Itmay be convenient to adopt data lines 0-3 as output lines and 4-7 as 
Input lines to avoid confusion when using both input and output facili 
Thus to study an input into data tine 7 the data direction register js set 











10 765122 = 0 
‘Thon the value in the memory location can be raad by 
20 LET B = 765120 


The value returned into the variable B may. for example, be the number 
256, To decide i there is a ‘O' of "1" in bit 7 of the memory location the 
‘value in the variable °B’ should be divided by 128 using the DIV instruction 
which can aniy return @ whole number 9s the answer. (If the number Is 
‘eater than 128 then a “1’ must be present in bit 7, see Appendix 3,) 


30 LETB7 = BDIV 128 
40 PRINT "BIT 7 = "87 





I the value of the variable B7 = 1 then there js a1" in bit 7, 

is possible to study several input data lines. n the fallowing example, 
‘three data lines are studied. As before the data direction register is set and 
the value in the memory location is read 
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10 765122 = 0 


(or 265122 





1 if data lines 0-4 are to be output lines) 


20 LETC 





165120 


‘The values in each bit can now be determined using the following type of 
program, 


30 87 = CDIV 128 
40 86 = (C MOD 128) DIV 64 
50 85 = (C MOD 64) DIV.32 
60 PRINT "BIT 7 =""B7 
70 PRINT "BIT 6 =".B6 
80 PRINT “BIT 5 =".B5 





‘The values in the variables 87, 86 and BS represent the figure present in 
the appropriate bit of memory location 765120. Similar programming can 
bbe used for any number of the bits in this memory location, (If you are 
‘unsure of the logic of this program try replacing lines 10 and 20 by INPUT 
cy 








‘The use of osbyte calls for communication with the User port 


The BBC microcomputer User Guide suggests that itis good practice notto 
iractly address specific memory locations as has been advocated in this 
‘section. The major reason for this suggestion relates to the possibilty that 
‘2 Second processor may be being used or may be used in the future. 1 
‘second processor is used many of the memory locations are changed 
Including those involved with the User port and 1 MHz bus. If programs 
involving the diract addrassing of memory locations hava been written 
they will need to be rewritten if the user then starts to use a second 
processor. The alternative approach is to use the approved method of 
‘addressing the User port via an OSBYTE call, which is slightly harder than 
themethod describedin this section but is better working practice. The use 
of such OSBYTE calls is described in Appendix 2 

















The 1 MHz bus 





‘The 1 MHz bus is similar to the User port in that itis an B data line 
Inputioutput port. It has, howaver, much greater potential than the User 
port as an input/output port as jt is possible to connect up 254 aifferent 
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devices Yo the one set of 8 data lines, Sadly, as might be expected from 
such a versatile linkage, the 1 MHz bus is difficult to use. 

The easiest application of the 1 MHz bus is to use it as an @ data line 
Input. To do this it Is necessary to connect the 8 data lines shown in 
Fig. 7.2t0 the input device via a 34-way {DC socket and ribbon cable in a 
‘similar manner to that used for the User port. The programming of the 
1 MHz bus does not requite the setting of a data direction register as with, 
the User port. To take a reading from the 1 MHz bus the following line of 
‘rogram is required: 





10 LETC = 764704 
(or LET C = 7&FCCO In hexadecimal notation) 


This sets the variable C to the 8 bit reading from the 6 data lines on the 

1 Mit bus. 

Any further uses as either a single or multichannel output device, or a8 a 
_multichannet input device. are beyond the scope of this publication and 
‘yoU are advised to consult other texts. Two problems associated with 

uses are given below. 

(0) Unlike the User port output data lines, those of the 1 MHz bus are not 
latched. This means that when an output is sent to the data linos the 
voltage change only lasts a few microseconds, whereas on the User 
port the voltage change is held until the data lines are reset, 

iW) If more than & input or output data lines are to be used it will be 
ecessary to use the address lines (pins 27-34 in Fig. 7.2), Tho 
addross lines will need to be decoded by a muktiplexing device. Thera 
may also be problems in decoding the address tines and ‘clean up’ 
circuits may be required 























Input devices 





Probably the two most likely devices to be used as input devices to the 


Ag na az 00 OF 08 08% CW OW ov oP 


3 -— 
3 do 2 25 2321 8 BS 
34 32 30 28 26 24 22 20 18 16 14 12 10 
a 
lsc T 

AT AS A3 AI OV D6 D4 D2 D0 ‘BOTTOM 
Fig. 7.2 The arangement af the connections tothe 1 MHe bus when viewed from 
‘the outside of thenon-invertad microcomputer. The datalines [D0-D7) areindicated 
|ngother with several earth ines (OV) and the adress fines (AO-A7} 
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User port are analogue to digital converters and switch inputs. The uses of 
these devices are described below 


‘Analogue to digital converters 


‘As there are already four analogue to digital converter channals on the: 
‘of the BBC microcomputer it may appear rather excessive to be 
‘considering additional ones. However it is possible that in certain applica- 
tions four A-D converters are insufficient or it may be found that the 
‘maximum rate of sampling (approximately once per 10 milliseconds) isnot 
fast enough for the application(s) to be studied (\.s. if nerve action 
potentials are to be recorded). 

Before cansidering the use af such devices itis necessary to be aware 
‘that although an A~D converter can achieve a high rate of conversions, If 
the program is in BASIC even the simplest of programs is incapable of 
taking readings at less than 5 milisecond intervals. To overcome this 
problem three possible solutions are given below. 


(i) Purchase fast A-D converters with associated software to run the 
converter. Philip Harris is one supplier of such devices and of software 
suitable for such applications. This approach is fine if the manufacturers’ 
Software sults the user's requirements exactly. 


lil) Purchase or construct A-O converters which canbe programmed by 
the user. For example Palmer Bioscience supply a fast A-D converter 
which can be programmed by the operator in either BASIC or assembly 
language (full instructions for BASIC programming of the unit are supplied 
with the unit). With this unit samples can be taken at 20 microscond 
Intervals if the program has been written in assembly language. 

Alternatively Radiospares Components Ltd, offer a range of A-D 
converters, which can be assembled into a complete device from citcult 
diagrams available in theic data sheets. One such suitable A-D converter 
Integrated circuit chip is the RS ZN448. However please be warned that a 
considerable dagree of electronic knowledge is necessary before con- 
struction is commenced. 

This approach allows a maximum degree of flexibility for the 
programmer: but due to the relative slowness of BASIC programs it wll be 
hecessary either to learn haw to write programs in assembly language (not 
‘something to be taken lightly) or to use a machine code compiler such as 
‘that produced by ACK Data. A machine code compiler is a program which 
can convert a program written in BASIC to one written in machine code. 

(ii) Use 2 data logging device such as the "VELA" unit supplied by Data 
Harvest. This allows for easy programming and flexibility of usage for the 
programmer as the VELA is an independent data store, but may be a 
ralatively expensive provision if such a facility is not often required. 
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‘Switch inputs, 


‘A switch input is 2 simple device which allows the computer to detect if 
somethings on or off. One example of the use of a switch input might bein 
‘ behavioural experiment where an animal presses alever. Ita switch input 
Is required this can be easily achieved using a circuit similar to the one 
iustrated in Fig. 7.3. 

I the switch sin the ‘oft position 5 volts will be applied to the line anda 
+1" will be present in the appropriate bit of memory location 65120 (see 
‘page 64) when the User port is read; #“O’ willbe present if the switch is in 
the ‘on’ position 

The switch may be replaced by 9 ight activated switch circuit (such as 
the RS Components Ltd. Cat. No. 308-434, incorporated into the circuit 
‘outlined in RS Data Sheet 2107) which will then allow the microcomputer 
to detect low and high ight levels. 











Output devices 





‘Thore are a range of different output devices which are of use to biologists, 

{In our opinion the three most useful ones are switching relays, digital to 

logue convertars (O-A converters! and stepper mators. The uses of 
‘devices are described bolow 














probably the most useful of all output devices as they 

‘enable electrical devices to be switched on or off. Its possible to think of 

many things requiring switching as part of a program to control an 

‘experiment. A few examples are provided below: 

(i) Controling a peristaltic pump to make additions of known amounts of 
liquid (see the pH stat program in Chapter 8}; 


‘Smite j———— sick: 
ses 


User port input tne 
(eg PIN 20, DATA LINE 7) 





100: 


ov 
Fig. 7.3. A switch input cenit. 
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{ii) Switching on snd off the chart drive of a pen recorder to record only 
‘selected parts of an experiment: 

(ii) Control of lighting and heating in a plant growth chamber; and 

(iv) Controt of @ physiological/pharmacological stimulator to produce 3 
‘complex pattern of stimulus parameters, 

Atthough all switching relays perform the same task there are two types 
required to cover the full range of possible applications. One type isa relay 
designed to switch mains voltages safely and the other alow voltage relay 
with a variety of applications including the switching of equipment remote 
control lines. 

Griffin & George sell an excellent mains switching relay (Cat, No. 
(CRB-060-010W) which is a self contained unit (the Cat. No. forthe lead is 
ECA-260-W). It can be plugged into the mains supply and has a switched 
mains output to armains socket, This mains switching relay hasan input for 
125 volt switching input which is compatible with the output from the User 
ort (labelled TTL input). To connect the TTL input to the mains switching 
Telay itis necessary to produce a 20-way IDC lead as described on page 59 
ate wires 5 (0 volts} and 6 (data line 0) from the rest of the cable, 
Solder a2 mmblack banana plug to wire 5 and a red banana plug to wire 6. 
‘The remaining wires should be carefully insulated from each other and 
from making any contact with any other electrical equipment. They can 
tither be lett as long as the wires to the mains switching unit; oF, for a 
they can be separated from wires § and 6 back to the IDC 
‘socket and then cut off neatly and insulated at the socket. The rad and 
black banana plugs can now be plugged into the corresponding coloured 
Sockets on the mains switching relay. The device can be switched on and 
off by switching data ine 0 (see page 62). Similarly, any other datatline can 
‘be used for this purpose. 

{tis often considered to be good electrical practice to place a s0 called 
“butfer’ between the computer User port output and the connactionss to 
external equipment to protect the computer from damage due to 
mishandling and/or equipment malfunction. In an attempt to maintain this 
‘publication ata relatively simple level buffers have not been included in the 
‘suggested scheme for wiring up equipment to the User port. Itis therefore 
‘essential that any connections made using leads such as the one 
‘suggested for the mains switching relay. are connected before any of the 
‘equipment involved is switched on. itis also very important to check all 
‘connections carefully before use and of course observe the correct polarity 
{or all connections, [tis possible to ‘buffer’ the computer's output by using 
‘Darlington Octal Driver (R.S. Components Ltd Cat. No, 303-422) or a 
Griffin & George Octal Buffer Board (Cat. No. CRB-030-A) as shown in 
Fig, 7.4. 

H alow voltage switching relay is required to switch a device such as 3 
physiological/pharmacological stimulator by remote control or to apply 
power to-a low voltage device then the Griffin & George mains switching 
relay is unsuitable for this purpose. It willbe necessary either topurchase a 
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Fig. 7.4 circuit diagram for an Octal Butfer Board and 12V relay ayster, 





12V power 


‘sel 
Fig, 7.5 Wiring digaram lor a high-sensitivity transistorized rely, 
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suitable low power switching unit (the Unilab and Interbeeb units have 
suitable switching relays incorporated) or to build your own. 

If building your own unit a suitable relay is the R.S. Components Ltd, 
high sensitivity transistorized relay (Cat. No. 348-245) which is very 
‘simple to wire up and only requires 2 12 vott laboratory power supply to 
operate it, A circuit diagram is presented in Fig. 7.6. Alternatively, by 
using an Octal Butfer Board as described in Fig, 7.4. itis possible to use a 
conventional relay, such as R.S. Components Ltd, Cat. No, 346-946, in 
place of a high-sensitivity transistorized relay. The relay can be switched 
1d off by switching on and off data line O (see page 62). Alternatively 
this relay or the mains switching relay may be connected to any of the 
‘other data lines (by connecting to 8 OV fine and the appropriate wire at the 
User port for the chosen data ine). In this case the relay willbe switched by 
‘switching on or off output on the data line which hes been selected, 

‘Thus for a switching relay connected to the data line 0! after the data 
direction register has been set by 








765122 = 255 
(or 785122 = 1 for only data ine ‘0! as an output tne) 
‘The relay can be switched on by 

765120 =1 


and the 





1y can be switched off by 


765120 = 0 


Digital 1 analogue converters (D-A converters) 


Digital to analogue converters, as the name implies, have the opposite 
effect of A-D converters, .. they take digital signals from the computor 
‘and convert them into an analogue or variable voltage. Thus itis possible 
{or the computer to output a variable voltage using a D-A converter. 

If a D-A converter is connected to the User port then it needs to be 
connected to all 8 data lines on the User port. Ths User port is then set so 
that all data lines are output lines, Le 











765122 = 255 


“The voltage output from the D-A Converter will hen vary in response to 
the output from the computer via the User port data fines. If all the data 
lines are switched ‘off’ then the output from the D-A converter will be O 
volts, i.e. 


785120 = 0 
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will give 2.0 volt output. 
Hall the data lines are ‘on’ the output from the DA converter willbe at 
the maximum level (usually 2.5 or 5 volts 








765120 





55 


will give the maximum voltage output. 

Wf some of the computer's data lines are off" and some ‘on' an 
Inbetween voltage will be obtained. This may be predicted from the 
following formula 


ARM 


wy 255 





where Y= Dt0 A converter output voltage 
‘A. = thonumberin the range 0-255, ? (queried) into memory. 
location 65120 
M__ = maximum output voltage of the D-A converter. 


Thus to output half the maximum voltage of the D-A converter the 
{ollowing line of program would be required: 


765120 = 127 


It Is possible to include such instructions in a longer program, For 
‘example, to output a variable voltage from the maximum DA converter 
‘output voltage down to O volts in 285 steps with each step taking one 
second, the following program would perform this task: 








765122 = 255 
FORN = 255 TO 1 STEP 
765120 = N 

LET B# » INKEYS(100) 
PRINT N. 

NEXT N 





S8ssss 


Depending upon the user's approach to computing the use of  D-A 
‘converter may be considered unnecessary as itis often possible to achieve 
‘similar end result using just a computer and a printer. Two examples of 
uses for a D-A converter are given below. 

() Where it is required to produce a continuous output to another 
recording device (such 3s a pen recordar) of values that have been mani- 
pullaied by the computer. For example if recording @ heart beat using the 
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‘computer accompanied by a continuous recording of heart rate on a pen 
‘recorder. The computer could analyse the information and output voltage 
proportional to heart rate via the User port and a D-A converter to a pen 
recorde 


(i). Ifthe computer is to be used as a data store (ortransient recorder), It 
{is possible to record the particular event (such as an action potential) and 
store the dats in the computer. The data can then be replayed via a D-A 
‘converter onto @ slow response recorder. 


There are several commercially available digital 1o analogue converters, 
all of which are parts of particular manufacturers” systems (e.g. Unilab, 
Philip Harts and Griffin & George all market one as part of their system), 
‘Alternatively, it's possible to construct your own D-A converter unit, For 
‘example, FS. Components Ltd, sol a range of suitable integrated citcult 
chips (e.g. 2N425E, 2N435, DACOBOO, ZN428E) which may be used, Full 
Information on the construction of such devices is available in the R.S. 
Components Ltd. data sheets 




















Stepper motors 





Stepper motors are eloctric motors which can be controlled by acomputer 
‘The name ‘stepper motor” is derived trom the fact that the motor can be 
‘to rotate in a series of equal sized steps (e.g. steps of 7.5 degrees), 
‘Thus if on instrument requires a rotary motion it can be controllad by a 

















x 
Microcomputer 


Fig. 7.6. The arrangement of 2 typical stepper motor system. The connections 
between the User port and the Octal Bufer Board are such that Dataline 0 (pin 6) on 
the User port is connected to terminal A an the Buffer Board, Data line 1 (pin 8) is 
‘connected to terminal B, Data ina 2 (pin 10} is connected to termina C, et. 
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computer. Thare are numerous examples of situations where a rotary 
‘motion might be required. A few possibilities are: to control instrument 
+2610 oF gain controls; to altar the wavelength on a spectrophotometer; and 
{to obtain a linear motion by rotating the spindle on a rack and pinion, 

One supplier of stepper motors is Griffin & George who sell a suitable 
system for use in scientific environments. Unfortunately it's not possible 
tojust purchase a stepper motor unit and runit directly from the computer, 
it is also essential to purchase associated equipment. The roquired 
‘equipment is an Octal Buffer Board, a 12 valt power supply, a gearbox and 
‘8 User port connection lead. The arrangement of a typical system is shown 
in Fig. 7.6. 

The gearbox in the system is 10 alow the motor to be geared down to 
Increase the amount of torque which is developed. This is necessary as the 
torque development of small stepper motors is generally insufficient to 
tum an instrument spindle. 

‘The stepper motor may be made to rotate clockwise by using the follow- 
Ing programm: 








10 765122=255 
20 76512069 

30 LET Z=INKEY(20) 
40 765120=5 

50 LET 2» INKEY(20) 
60 765120=6 

70 LET Zw INKEY(20) 
80 765120= 10 

80 LET 2» INKEY(20) 
100 GoTo20 


For counterclockwise rotation of the stepper motor the following 
program will be required 


10 765122=255 
20 765120=10 

30 LET Z=INKEY(20) 
40 765120=6 

50 LET Z=INKEY(20) 
60 76512065 

70 LET 2=INKEY(20) 
80 765120=9 

90 LET Z=INKEY(20) 
100 GOTO20 





8. Sample Problems and Programs 











‘The following programs have been chosen to illustrate in a more detsiled 
‘way many of the principles put forward in the earlier chapters of this book 
and to bring various elements together into a complete working program, 








Problems of interfacing a bell spirometer 





Tho conventional Benedict-Roth bell spirometer (Fig. 8.1) 's commonly 
Used to measure the basal metabolic rate (BMR) of a subject at rost, The 
principle of operation is that the subject breathes pure oxygen from the 
bell, As the subject breathes out, carbon dioxide is absorbed in the side 
‘arm, Thus the volume of the bells reduced by an amount corresponding 10 
the volume of oxygen consumed by the subject. Over a period the volume 
of the bell folls and provides @ convenient measurement of oxygen 
‘consumption. The kymograph trace would look like that in Fig, 8.2. 

3f best fit through the peaks or roughsin the waveform 














Interfacing the spirometer to the microcomputer, to perform this 
experiment automatically, introduces several problems. 
Firstly the spirometer, ke many items of biological equipment, provides 





Kymograph, 














Coble. 


Fig. 8.1 A part cross-sectional view of a bol spirometer. Note the potentiometer 
around which the cond is wrapped. 
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pow 


Volume 


— — 
Time SOsecords 


Fig. 8.2. The output from a ball spirometer when measuring basal metabolc rate 


‘no olectricat output. Nevertheless it is normally possible to provide an 
‘output by some alternative means. In this case the writing pen could have 
‘been attached to an extended arm on an isotonic transducer. A simpler 
‘approach however is to secure 9 10 turn 10 K potentiometer next to the 
‘cord connecting the bell to the writing pen. The cordis then wrapped once 
round the potentiometer shaft so that movernent of the bell caus 
{rotation of the potentiometer. 

‘The witing of the potentiometer fs shown in Fig. 8.3. The output from 
tha potentiometer may be fed into the “analogue in’ port via a signal 
Conditioning unit or, by adding the additional resistor and variable potantio- 
meter shown in Fig. 8.3. the voltage may be adjusted to 1.8V and fed 
diroctly to the ‘analogue in’ port. 

‘Secondly, having obtained an electrical signal it is necessary to decide 
how To program the computer. This can be broken down into several 
stages. 

{A calibration of the spirometer onto the computer will be required. 
This can be obtained by setting the spirometer to a known value, i.0, 5 
Hitrea, and entering the voltage through the A-D converter (using ADVAL). 
The spiromater can be set to anew volume, i.e. zerolitres, and that volta, 
entered. The difforence between the two inputted A-D values thus equi 
the difference in spirometer volumes. 

















40 JOKA110-tenpoenometr 
ov.o¢ toxa 
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Fig. 83. Circuit diagram for direct input into the ‘analogue in" port from a 
potentiometer, 
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i) Having calibrated the system samples need to be taken aver a con- 
venient period. To analyse the input its necessary to pick out all the peaks 
‘and all the troughs and then find the line of best fit. The sampling time 
needs to be sufficiently fast to ensure that the true peaks or troughsin the 
‘waveform are not missed. However, if the samples are taken excessively 
‘quickly RAM will soon fil up and the experimental period will be reduced. 
Rospiratory rate may be expected to be inthe range of 1210 20 per minute, 
thus a peak and trough will appear approximately every 3 seconds. To 
‘ensure accurate detection itis necessary to take atleast 100 samples over 
this time, Le, a sample every 30 milliseconds. The sampling time can be 
controlled by the TIME statement 

(ii). Sampling at this rate allows very isle time for ‘on line’ analysis 50 
the incoming data needs saving in RAM or on disc (or both). Once the data 
hhas been saved It can be analysed by the peaks and troughs routine 
‘covered in the data analysis section (Chapter 6. 

iv} To perform a linear regression on all the peaks or troughs two co- 
‘ordinates for each peak or trough value are used ~ namely its Y (volume) 
‘value and the X (time} value at which it was recorded. The timing can be 
‘obtained from the original sampling oop (using the value of that loop) and, 
knowing the memory location of each peak or trough value, the original 
{ime ofthatsampie canbe ound. Thesetwo oo-orcnate wilneed storing 
in memory, a8 they ar 
covered in data analysis) 

[v1 A linear regression analysis will give the line of b 
oaks of troughs, The original calibeation will then allow two se 
‘calculations af oxygen consumption, ane trom line through peaks and one 
‘obtained from troughs. These can be compared, or the aver 
two calculations can be obtained. 

(vi) Once this stored data has been analysed there are 9 number of 
choice 

{a) terminate the experiment: 
(b) save all the data for the future: 
(c} ropeat the experiment 


‘The following program would perform this analysis. 
































REM (INITIALIZE VARIABLES 
ML=0. 


Bessssss 
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REM SPIROMETER CALIBRATION 
PRINT TAB(6,9);"'SET SPIROMETER TO ZERO LITRES” 
PRINT TABI, 11);""THEN PRESS RETURN" 








ADVAL1)/256 
PRINT TABIB, 13);"2ERO CALIBRATION = ''sCALT 

PRINT TAB(G,17)"*NOW SET SPIROMETER TO 5 LITRES" 
PRINT TAB(G, 19);"°THEN PRESS RETURN” 

Y=GET 

IF Y= 13 LET CAL2=ADVAL(11/256 

PRINT TABIB,21):""5 LITRE CALIBRATION ="";CAL2 
TIME = 0: REPEAT UNTIL TIME = 200 

cus 

PRINT TAB(5,4);""CONNECT SUBJECT TO SPIROMETER” 
PRINT TAB(5,6);”"COMMENCE EXPERIMENT” 

PRINT TAB(S,9);""AFTER ONE MINUTE PRESS RETURN" 
PRINT TABIS, 1 1:""ANO CONTINUE RECORDING * 
PRINT TAB(S, 13}:""FOR TWO MINUTES" 

S=GET:IF S=13 GOTO 300 

Goro280 

cus 

FEM SET MODE AND 

REM INITIAL MEMORY LOCATIONS 

MODE 4 

17000 

T=18000 

M=11000. 

REM TAKE IN SAMPLES. 

REM STORE ANO TIME 

REM DU TIMES THE LOOP. 

TIME =0 

FOR H=1 0 5000 

LET A= ADVALI1I/256 

2M +Hi=A 

DRAW HIS," 

YorINKEY(2) 

NEXT H 

DU=TIME 

REM SEARCH THROUGH MEMORY 

REM UNTIL TRACE GOING UP 

FEM OR GOING DOWN 

LETH 
LETB =7IM+H+3) 
LET C= 71M +H +5) 
LET D=7(M+H +7) 

if H>5000 GOTO 940 
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560 IFB>C AND C>D GOTO 760 
870 IF B<C AND C<D GOTO 620 
580 LET H=(H+1) 

‘890 IF H>5000 GOTO 840 

800 GOTO 520 

810 REM FINDING PEAKS 





640 LET D=?7iM+H+5) 
650 LETH=H+1 

880 IF H>5000 GOTO 340 

870 UNTILC>D 

680 REM STORE PEAK VALUE 
690 REM _ANO TIME (H VALUE) 
700 2P=C 

710 21P+1)=H/20 

720 P=P+2 

730 2=2+1 

740 MOVE Hi5,C74 

750 DRAW H/5,(C*4) + 100 
780 GOTO 520 

770 REM FINDING TROUGHS 
780 REPEAT 

790 LET C=?1M+H+3) 

800 LET D=7(M+H +5} 

B10 LETH*H+1 

820 IF H>5000 GOTO 940 

830 UNTILC<D 

840 REM STORE TROUGH VALUE 
850 REM AND TIME (H VALUE) 
860 7T=C 

870 2(T + 1)=H/20 

BBO T=T+2 

890 W=W+1 

900 MOVE W/5,c*4 

910 DRAW HIS.(C"41- 100 
920 GOTO 520 

930 REM LINEAR REGRESSION ON PEAKS. 
940 P=17000 








960 FOR N= 1TO (22) STEP 2 
970 Y=2(P=N)-t) 

980 X=(7(P+NII*4 

980 SX=Sx+X 

4000 SY=SY*¥ 
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1010 SxY=SxY+(x-Y) 

1020 SkSQ=SxSQ=(x2) 

1030 Sysa=sysa+ (2) 

1080 NEXT N. 

1050 LET N=(N~1)/2, 

1060 LET B=(SXY — |(SX*SYV/N))/(SXSQ_~ ((SX*SX)/N}) 

1070 LET A= (SY/N) ~ (8 (SKIN!) 

1080 MOVE 1,(A+8)°4 

1090 DRAW 1000,(A + (B* 1000)" 

1100 VOL1 = 1000*8 

1110 REM _ LINEAR REGRESSION ON TROUGHS 

1120 T=18000 

1130 LET SX=O:LET SY =O:LET SKY = O:LET SXSQ=O:LET 
SySa=0 

1140 FORN=1T0 (W*2) STEP 2 

1150 Y=7(T+N)~1) 

1160 X= (2¢T +N" 

1170 SK=SK+X 

1180 SY=SY+¥ 

1190 SXY=SXY+(X*Y) 

1200 SXSQ»SXSO+ (x2) 

1210 SYSQ=SySO.+(¥'2) 

1220 NEXTN. 

1290 LET N= (N= 1)/2 

1240 LET B= (SXY ~ ((SX*SY)/NIISXSQ~(ISX*SX}/NI} 

1250 LET A=(SY/N) ~(B*(SXIN)) 

1260 MOVE 1,(A+B)"4 

1270 DRAW 1000,(A + (B*1000))"4 

1280 TIME =0:REPEAT UNTIL TIME =300 

1290 CLS 

1900 VOL2 1000*8 

1310 REM CALCULATION OF 

1820 REM OXYGEN CONSUMPTION 

1330 ML=5000/(CAL2-CAL1) 

1340 PRINT TAB(6,2);"DURATION OF EXPERIMENT = 
{INT(100*0U/6000))/100;""MiNS' 

1250 PRINT TABI6, 7):"/RATE OF OXYGEN CONSUMPTION": 

1960 PRINT TABI6,9);"(PEAKS)=""jINT\(VOLI*MLY/ 
{DU/6000));"*nl/mi" 

1370. PRINT TABI6,14);""RATE OF OXYGEN CONSUMPTION’ 

1380 PRINT TABI6,16):"(TROUGHS) = ":INTI(VOL2*ML)/ 
(DU/6000)); “r/min 

1390 PRINT TAB(6,21);"’MEAN OXYGEN CONSUMPTION ="; 
INTI(({VOL2* MLY/(DU/6000)) + (VOL *ML}/ 
{0U/6000)))/2);""mlimin”" 
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1400 PRINT TAB(1 1,30); ""PRESS Y TO RUN AGAIN": 
TAB(18,31)"'N TO END" 

1410 Fs GET-IF F=89 GOTO 330 

1420 END 


‘A description of the program is presented below. 


Lines 20-70 
Initialize the following variables: 
CAL 1 and CAL 2 store the O and 5 litre ADVAL calibration values; 
‘ML, USED, VOL 1 and VOL 2 are variables used in the final 
calculation; 
DU times the inital sampling loop so that the timing of each sample 
can be obtained: 
Z and W are used to store the number of peaks and troughs 
respectively 








Linas 110-200 
Set up the initial calibration and use delays (lines 130 and 180) togot 
with prompts for the operator 





Lines 340-360 
up the memory locations for storing the initial data (M) and after 
analysis the peaks (P) and troughs (7), 





Lines 400-470 
form the initial sampling loop, which stores and draws the incoming di 
‘and times (DU) the overall sampling. Line 450 controls the sampling rate. 





nd 
troughs as covered in Chapter 7. Once the peaks and troughs are found 
their value is stored in mamory together with the H value of the existing 
Joop. This H value provides the means of retrieving the time for this peak of 
trough from the overall (DU) timing. 





Lines 940-1300 
perform a linear regression analysis on the peaks and troughs (swe Chaptor 
7), This analysis uses as its X and Y co-ordinates the peak (or trough) value 
‘and the stored H value. The H value stored fell within the range 0-250 
(H/20 in ines 710 and 870). For the regression this value is multiplied by 4 
In tines 980 and 1160 so that it falls in the range O-1000. 

‘The regression lines are calculated and drawn from the A and B values 
(lines 1060-1080 and lines 1240-1270). 
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Lines 1330-1390 
perform the final calculation. VOL 1 and VOL 2 are used to calculate (in 
uncalibrated units) the amount of oxygen used, This is obtained from the 
equation for the line. 

NOTE (A +B" 1000) ~(A+8*0) = 1000°B 

‘The Variable ML is used to store the digital number corresponding to a 
‘volume of one ml. from the original calibration. 

Lines 1360 and 1380 calculate the final oxygen consumption from the 
vation YoWwme in mL 

ie Time in minutes: 
Lines 1400-1410 

{give the option of terminating or repeating the experiment. An option of 
‘storing the existing data to disc using 9 "SAVE instruction could also have 
been included hare, 





‘A program to run a pH stat 





{In some biological situations it is necessary to measure acid secretion or 
production, for axample when measuring either gastric acid secretion or 
activity of an acid producing enzyme. 

W the acid producing enzyme is considered, it would be possible to 
Invostigate pH change.as a measure of enzyme activity. A faster rate of pH 
‘change would retlect a greater enzyme activity. This approach has two 
problems, one being the logarithmic nature of the pH scale, and the other 
that the activity of the enzyme may be pH dependent. Both of these 
problems can be overcome if a pH stat is used, in this case the pH Is 
constantly monitored and alkalis added whenever the pH falls below a set 
value, Thus when using a pH stat i is rather like undertaking a continuous 
‘acid-base titration. 

To set up a pH stat an input and an output system is required in addition 
to the microcomputer and its related equipment. The input system is 
‘composed of a pH metar and electrode, and a signal conditioning unit. The 
Utput system is composed of a mains switching relay and a peristaltic 
Pump. The arrangement of the system is shown in Fig. 8.4. 

Initially it was necessary to check the voltage output from the pH meter 
to determine how it elated to the pH, The majority of pH meters appear to 
have a voltage output which increases with increasing pH, There is a wide 
range of pH meter voltage outputs and in the majority of cases it will be 
necessary to condition the voltage before input into the computer. One pH 
‘meter was found to have an output wich ranged from -0,7V (pH 0) to OV 
(pH 7) t0 +0,7V (pH 14) in which case a "back off’ unit would be newtled to 
adjust the voltage output. A pH was selected at which the pH was to ba 
‘maintained (pH 7 in this case) and using a simple program similar the one 
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Microcomputer 


Fig. 8.4 The arrangement of the equipment for « computerized pH stat. 


listed below, the signal conditioning unit was adjusted to give a set A-D 
‘converter value (30000) at the selected pH of 7 





10 A=ADVAL(1) 
20 PRINT A 
30S »INKEY(50) 
40 GOTO 10 


For the output systemit was decided to run the peristaltic pump for a ket 
period of time (one second). The concentration of the sodium hydroxide 
‘olution and speed at which It was delivered wore set manually, For the 
‘of convenience it was decided that the pump should deliver 100 
micralitres of solution ia one second and for the particular experiment 
‘envisaged this required 0.25 micromoles of sodium hydroxide (ia. a 
2.8 mmol dm sodium hydraxide solution) 

The program is written in two sections, the intial section allows the pH 
to be adjusted to the set level betore any measuremonts are taken, The 
‘second section of the program takes measurements of the amount of alkali 
‘added and builds up the bar chart display ovar fiva minute periods. 

The program is designed around feedback loops, a similar loop existing in 
both sections of the program. Each loop commences by taking an A-D 
‘converter reading. This value is compared to a set value (30000) that 
tepresents a certain pH (in this case pH 7). The comparison is made using 
the IF instruction and the following question is asked, ‘Is the A-D 
converter reading above or below the set value?". If the answer to the 
{question is ‘above', then the set pH has been reached or slightly exceeded. 
In this case if the program is in the first section it proceeds to tha second 
‘section. If the program is in the second section no action is taken and the 
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program returns to the beginning ofthe loop. Ifthe answer to the question 
Js ‘below’, then the pH is below the set value and alkalineeds to be added. 
This is achieved in a subroutine which runs the peristaltic pump for one 
second and then waits for 10 seconds to allow for mixing of the solution to 
‘ccur, The program than returns to the commencement of the laop. 





10 REM "** INITIAL ADJUSTMENT TO THE SET pH ==> 
20 MODE7 
30 LETK=1 
40 765122-255 
‘50. VOU 23;8202/0;0;0:0; 
60 PRINT TAB(2,3);""THE pH STAT IS SETTING ITS SELF UP” 
70 REPEAT 
80 LET B= ADVALIT) 
90 IF B<30000 THEN GOSUB 510 
100 LeTD=TIME 
110 REPEAT UNTIL TIME=D +250 
120 UNTIL B> 30000 
130 LETK=0 
140 MODES 
150 VOU 23;8202:0;0:0;0: 
160 REM *** DRAWING THE GRAPH 
170 PRINT TAB(10,3);""pH STAT” 
180 MOVE 160,200 
190 DRAW 200,200. 
200 DRAW 200,840 
210 FORN-=200 TO 840 STEP 64 
220 MOVE 200,N 
230 DRAW 190,N 
240 NEXT N 
250 FOR N= 200 TO 1160 STEP 98 
260 MOVE N,200 
270 DRAW N,190 
280 NEXT N 
290 FORN»0TO 10 STEP 2 
300 PRINT TAB(4,(25 =N*2))/N 
310 NEXT N 
320 FORN=12T0 15 
330 REAO TITLES 
‘340 PRINT TABIO,N):TITLESS 
350 NEXT N 
360 DATAH+,ADDED, _,(umotl, 
370 FORN=5 TO 50 STEP 5 
380 PRINT TABI4+N*3/5,27):N 
390 NEXT N 
‘400 PRINT TAB(15,29);"“TIME (MINUTES)"" 








‘Sample Problems and Programs 85 


COLLECTION OF DATA OVER 5 MINUTES *** 
010 





470 IF 8< 30000 THEN GOSUB 510 
480 UNTIL TIME>A + 29999 





540 REPEAT UNTIL TIME 
850 765120=0 

580 IF K=1 GOTO 630 
570 FORF=1TO8 
580 PLOT 0,0,1 

890 PLOT 1,96,0 

600 PLOT 0,0,1 

610 PLOT 1, 
820 NEXT F 
830 REPEAT UNTIL TIME =2 +750 
640 RETURN 





+100 








16.0 


‘A description of the program is presented below. 


Lines 10-60 
Line 30 sets a ‘flag’ which is used later in the program, 
Line 40 sets the data direction register for the User port. 
Line 50 switches off the flashing cursor. 

Line 60 prints the initial scraen display. 









Lines 70-130 
‘A REPEAT UNTIL’ loop is set up between lines 70 and 120, The condition 
being waited for in line 120 is that the variable Bis greater than a set value 
{in this case 30000). The value for variable Bis obtained in line 80 from the 
‘A-D converter which is detecting the pH via the pH meter. Inthe event that 
the value of Bis less than 30000 and hence the pH ie below the set value 
the computer is instructed, inline 90, to.goto asubroutine. The subroutine 
I the part of the program which controls the peristaltic pump, Therefore 
starting at fine 80 a-value is taken in via the A-D converter. At line 90 the 
question is asked, ‘Is the value above or below the set value 7°. If the 
answer to this question Is ‘above" the program continues and will be 
Continued through past line 120. Ifthe answer is'below’ the program goes 
to the subroutine which adds alkali and waits a short time. Upon return 
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from the subroutine the program is sent back to fine 70 and then the 
‘question is asked again, This sequence willbe repeated until the value of B 








the ‘flag’ set in line 30 |the flag is used in the subroutine). 


Lines 140-400 
This sequence of lines draws. scales an¢ labels a bar chart. 


Lines 410-490 
‘These lines set up a loop which Is used to draw the bars on the bar chart, 
Une 430 moves the graphics cursor to the base of each bar on the bar 
chart, Lines 450-480 operate in a sieitar manner tolines 70-90 and 120, 
however on this occasion instead of repeating until a certain value is 
wached the sequence is repeated until a period of 30000 centiseconds 
(5 minutes) has elapsed. As before if the value is below the set value 
(80000) then the program jumps to the subroutine which adds alka, 





Lines 510-640 
Lines 520-560 switch on the pump for 1 second. 

Line 550 refers to the ‘flag’ set neither line 30 or line 130. if K = 1 then the 
program isin the intial display and jumps to line 630. 11K = Othen the bor 
chart is displayed and line 570 to 620 are performed next. 

Linas 570-620 draw in a section of the bar chart. This is done using 
relative MOVE(PLOT 0,X,¥) and ORAWIPLOT 1,X.¥} instructions, The 
‘graphics cursor moves up one line and draws aline across, then moves up a 
line and draws line back, this i repeated 8 times using a FOR-NEXT loop. 
Thus once the bar chart has been drawn a section of the ‘bar’ is inserted 
1ch time an addition of alkall is made. 

Ling 630 times a delay to allow for mixing of the added alkali 
tums the program from the subroutine. 











nd line 640 








The program may be adapted for other pHs. or for situations in which 
alkalis being produced. 

To alter the ‘set’ pH cither the amplification af the signal conditioning 
Unit could be adjusted or the value in lines 90, 120 and 470 could be 
altered. An incteased value in lines 90, 120 and 470 would represent a 
‘higher pH when using the majority of pH meters. 

To alter the systam such that it may be used when alkall is added the 
following changes are necessary. The peristaltic pump should be filled 
‘with an appropriate acid solution and the ‘less than’ sign (<) in lines 90, 
120 and 470 should be changed to a “greater than’ sign (>). 

It is also possible to alter the range over which the pH stat operates. If, 
{for example, twas required to crease the amount af alkali added then the 
scale for the ¥ axis could be altered in line 300 and the title for the scale 
altered in line 360. 
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‘On line’ spectrophotometric determinations 





One of the commonest experiments in biology is Finding the concentration 
‘of a particular substance (protein, carbohydrate. lipid, jon) in a solution. 

‘A typical experiment might involve making up a range of standard con- 
‘centrations of the substance being investigated ~ obtaining readings from 
for instance. a spectrophotometer, of absorbance for these standards and 
using these readings to plot a calibration curve or line of best fit, Readings 
‘can then be obtained from the unknown solution and the calibration curve 
‘can ba used to find the concentration of the unknown, 

‘The equipment involved may be a spectrophotometer, colourimeter, 
‘lame photometer etc. Most of this equipment has an electrical output and 
if there is no obvious output itis often easy to obtain one. An output from 
‘an old flame photometer has been obtained by connecting leads to the 
Input of its sodium and potassium meters. 

‘The output can be connected 10 the “analogue in’ port on the back of the 
BBC microcomputer via signal conditioning unit to bring the signal from 
‘the equipment to within the O-1.8 volt range of the computer's A-D 
‘converter. It is necessary to measure the output of the equipment and to 
‘how that output varies from minimum to maximum since while most 
‘apparatus of this type works on 0 volt output for a zero reading and, for 
‘example + 5 volts for maximum readings the opposite can be the case for 
ccortain equipment (2. + 8V for a zero reading) 

Having obtainad an electrical output which can be brought to within the 
quired range its necessary 10 decide how to program the computer. This 
ean be broken down into separate ste 


{i) A setting up routine whereby the output trom the equipment can be 
‘matched with the program is needed, je. it is necessary to calibrate the 
‘equipment. In this case this is achieved by adjusting the variable control on 
‘the signal conditioning unit to bring the maximum output from the equip: 
‘ment to a certain preset level 

i) Alter this setting up procedure the graph can be drawn, scaled and 
labelled, 

ii) The next step is to find out how many standards are being used since 
this can typically vary from only 2 (including a blank as zero) to as many as 
10, This is done using a printed question and an input instruction, 


























liv) A sequence of prompts by the computer is the next stage to tell the 
experimenter when ta enter the concentrations of the standards and when 
to ‘press the space bar’ in order to get the computer to accept the reading 
{output from the equipment. The pointscan then be joined or aline of best 
fit constructed. 


(v) The last stage is to obtain readings for the unknown samples and again 
thisis done by the computer giving prompts. Once the reading is taken the 
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concentration of the unknown can be calculated. This could be done 
‘mathematically from the line of best fit or, as in this example, POINT can be 
sed (see Chapter 6). The POINT instruction allows the user to read a value 
for the unknown just as if 2 calibration curve had been constructed on @ 
piece of graph paper. The reading from the unknown can be marked off on 
the ¥ axis and thus it can be found whare a line drawn horizontally cuts the 
calibration curve, Dropping a line vertically downwards from th 

‘gives the concentration from where this line cuts the X axis. The: 
‘can do all of this using the POINT instruction so that these lines canbe seen 
being drawn across and down with the subsequent printing of the 
concentrations, 





10 REM INTERFACING A SPECTROPHOTOMETER 
20 REM CALIBRATION CURVE FOR GLUCOSE 
30 REM CALCULATING UNKNOWN GLUCOSE 
CONCENTRATIONS 
40 REM SETTING UP ROUTINE 
50 MODE 0 
60. PRINT TAB(O.4);"“Adjust the gain control on the signal 
Conditioning unit until number below = 800 when 
‘spectrophatometer gauge reads full scale deflection” 
70 PRINT TAB(0.30)"Press space bar when adjustment is 
complete 
80 LET B = ADVAL(1)/65520"800 
90 PRINT TAB(38,15):8 
100 TIME = 0 
110 REPEAT UNTIL TIME = 50 
120 C$ = INKEYS(O) 
130 IFCB =" "GOTO 150 
140 GoTo 80 
1150 REM DRAWING THE AXES OF A GRAPH 
160 L=2 
170 MODE O 
180. VDU 29,250;200; 
190. MOVE 1129.0; DRAW 0,0; DRAW 0,873 
200. REM SCALING THE AXES 
210 FORN = 100 TO 1000 STEP 100 
220 MOVE NO: DRAW N, ~ 10 
230 NEXT N 
240 FORN = 80 TO 800 STEP 80 
250 MOVE 0.N: DRAW - 10.N 





260 NEXTN 
270 REM LABELLING THE SCALE 
280 VU 5 

290 A=0 

300 FORIN = 0 TO 1000 STEP 100 





310 MOVE N—16,—16: PRINT:A, 


320 
330 
340 
350 
360 
370 
380 
390 
400 
410 


420 
430 
440 
450 
460 
470 
480 
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A=Ard 
NEXT N 

A=0 

FOR N = 0 TO 800 STEP 80, 
MOVE -80,N+8:PRINT:A 
A=A+0.1 

NEXT N 

vous 

REM LABELLING THE SCALE 
PRINT TAB(25,28);""Concent 
dm-3" 

FORN = 1TO 10 

READ AS 

PRINT TAB(S,NI;AS 

DATA A.b.s.0,r)b,a,n,c,¢ 
NEXTN 

REM PLOTTING GRAPHS 
PRINT TAB(25, 12): HOW MANY VALUES OF THE 
‘STANDARDS ARE YOU GOING TO PLOT”” 

PRINT TAB(25,13)," INCLUDE THE BLANK IN THIS NUMBER, 
(as a zero standard)” 

INPUT TABI40,15):2. 

PRINT TAB(25,12);"” 


tion of Glucose mmol 





PRINT TAB(25,13);" 





PRINT TAB4O,15):”" 
FORN = 1702 
PRINT TAB(O,30):" INPUT THE STANDARD. 
CONCENTRATION 

INPUT TABIO,2B):X 

PRINT TAB(O,30);";PLACE STANDARD IN 
‘SPECTROPHOTOMETER AND PRESS SPACE BAR TO 
REGISTER THE READING” 

C$ =INKEYS(0) 

\FCs =" "GoTO61O 

GOTO 580 

LET Y = ADVAL(1)/65520"800 

IFN = 1 THEN MOVE X*100.¥ 

DRAW X*100,¥ 

PRINT TABIO,30):" 

NEXTN 

PRINT TAB(O,28);"" 
PRINT TABIO, 29): 
REM FINDING CONCENTRATION OF UNKNOWN. 
PRINT TABIO,30);""PLACE UNKNOWN IN, 
‘SPECTROPHOTOMETER AND PRESS SPACE BAR TO 
REGISTER THE RFADING”™ 
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700 PRINT TABIO.291-~ 
710 T=2 

720 Cé = INKEYS(O) 

730 IFS =" GOTO 750 
740 GOTO 720 

750 LETS = ADVAL(1)/65520"800 
780 PRINT TABIO,30)"" 





770 MOVET,S 
780 T= T+ 

790 IF POINT(T,S)= 1 THEN GOTO 820 
800 ORAWT~2,S 

810 GOTO 780 

820 MOVE T,S 

830 DRAW T.0 

840. PRINT TAB(O.0):""mmol. dm-3"" 
850 PRINT TABIO,L);T/100 

a60 L=L+1 

870 GOTO 690 

880 END 


‘A description of the program is presented below 


Line 40-140 
Satting up routine. 
Instructions for the experimenter are printed on the screen telling them to 
‘adjust the gain control on the signal conditioning unit. Line 80 takes in 
Signals from the equipment and divides the number by 65520 the 
multiplies by 800 to bring it within the range of the Y co-ordinate of the 
‘Screen graphics. This valve of the signal is printed on the screen (line 90) 
‘and the operators asked to adjust the gain control until the maximum (full 
ala deflection} output from the spectrophotometer is registered az B00 
‘on the screen. The 800 corresponds to the ¥ co-ordinate value of an 
‘absorbance of 1.0 which is the maximum absorbance value on the graph 
‘drawn later in this program. Lines 100 and 110 slow down the sampling 
‘ate enough to see the numbers on the screen clearly. Lines 120 and 130 
allow the experimenter to proceed by pressing the space bar once 
‘adjustment is complete, 














Lines 150-460 
Graph construction. 
‘This has been fully explained in Chapter 5 on data presentation. 


Lines 470-670 
Plotting the graph of absorbance vs concentration of standard, 
The first section (lines 470-600) consists of a series of prompts to tell the 
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‘experimenter when to type in the concentration of the standard, when to 
place the standord in the spectrophotometer and when to press the space 
bar to take a reading of absorbance. 

Lines 610-670 is the plotting routine, an explanation of which can be 
found in Chapter 5. 


Lines 680-880 
Finding the concentration(s) of the unknownis). 

Following the prompt in Line 690, the computer accepts a signal from the 
‘equipment a the absorbance of the unknown. Then using the POINT stat 
‘ment In line 790 each pixel Is examined in 3 horizontal line trom that 
absorbance value on the axis until i pixel isrecognized ie. when the ling 
Joining the plotted points is reached. Line 850 then mathematically mani- 
ppulates that value of T to calculate tha glucose concentration. A fine Is 
‘drawn following the POINT statement (line 790) and a further line is drawn 
vertically downwards to the X axis rom the position of intersection on the 
‘curve, The line has to be drawn behind the POINT statoment (T~2in line 
'800) since the ORAW statement will ight the pixels. The principle of this 
‘mathod is described in Chapter 6. 
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Diract Input to the BEC Microcomputer’s A-D Converter 
The following items are required. 


‘A.15 way 'D” plug (R.S. Components Ltd. Cat. No. 466-185) 

‘A.15 way 'O" plug hood (R.S. Components Ltd. Cat. No. 469-872) 

‘4 220 ohm tesistor (RLS. Components Ltd, Cat. No. 132-337) 

‘A BZXA5 caries 4.7 volt Zener diode (R.S. Components Ltd, Cat 
No. 283-003) 

Two insulated wires [preferably one red and one black) 

AA plug or plugs to connect to the output from the equipment you are 
Interfacing to 





W) Shorten the leads on the zener diode and resistor to approximately 
8B mm long on either side and strip the ends of the two insulated wires, 
Ui) Solder the two wires, the resistor and zener diode onto the 
18 way ‘D’ plug as shown in Fig. A1 blow, 


ar of the 





Zener diode 


‘D-plug(reor view) 








dle und resistor 


{ii)_ Solder the plugis) to connect to the appropriate piece of equipment 
lonta the other end of the red and black wires. 


(iv) Fit the 15 way ‘O° plug hood te the D plug. 
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the equipment is then connected ta the “analogue in‘ socket on the rear 
‘of the microcomputer using the lead just produced, the input can be tested 
using the following program. 





10 LET B = ADVALIT) 
20 PRINT 8 

30 LETC = INKEY(100), 
40 GOTO 10 


To stop the program running press the ESCAPE key. 

‘The zener diode and resistor have been inserted to protect the micro: 
‘computer from an excessive voltage and may be omitted: however this 
‘omission may risk damaging the computer if care is not taken with the 
voltage fed into the A=D converter. Many pieces of equipment wil give 
voltage surges on switching ranges and when switched on or of 
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‘The Use of Osbyte Calls to Operate the User Port 
In chapter 7it was suggested that its possible to control the User port by 
teading from or writing to memory locations 65122 and 66120 using the ? 
(query) instruction. However this s only possible on a standard 32K model 
8 microcomputer, a3 on models with 2 second processor the organisation 
ff the computer's memory is altered. Thus although in an uprated BBC 
rmicravomputer it may still be possible to read from and write to memory 
locations 65122 and 65120 they do not represent the User port, Con- 
squentiy if this different type of BBC microcomputer is to be used, either 
now or in the future, it willbe necessary to rewrite programs involving User 
port control, 

To overcome this and other related problems. Acorn, the manufacturers 
‘of the BBC microcomputer. have a range of ‘OSBYTE’ calls built into the 
‘machine, Those OSBYTE calls are principally designed for use in machine 
‘cade pragrams and allow the programmer to pertorm a series of diferent 

with the same OSBYTE call performing the same function 
‘whichever type of BBC microcomputer is being used. 

‘Some of these OSBYTE calls can also be used with the "FX instruction 
Jossible when programming the User port for output conto, but 
ie for input fo the computer vie the User port. To program the 
User port for output the *FX151 instruction followed by two numbers is 
Used, The first of these two numbers may be either the number 98 or 98 
Which relate to writing to the data direction register ithe equivalent of 
765122) or the input/output register (the equivalent of 765120) respec: 
tively. The second number following the *FX151 instruction is the number 
Which is to be entered into the data direction register ot input/output 
rogister, 





























Thus to write to the data direction register: 
10 *Fx151,96,255 

is the equivalent of 265122 = 255, and 
10 *FX151,98,0 


ls the equivalent of 76512: 





For the input/output register: 


20 *FX151,96,255 
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js the equivalent of 765120 =285, and 
90 *FX151,96,0 
ls the equivalent of 765120=0 


‘Thus the program on page 63 for switching on a relay connected to data 
line 0 for 5 seconds could be rewritten as follows: 


1000 *FX151,98,255, 
1010 *Fx151.96.1 
1020 LET 8 = TIME 
1030 REPEAT UNTIL TIME =B+ 500 
1080 *FX151,96.0 


For Input from the User port itis necessary to use the following piece of 
program: 


10 *FX151,98,0 
20 A% = 150 

30 X% = 96 

40 A= USAI65524) 
50 PRINT. 

60 GOTO 20 


In this program line 10 sets the data direction register for input and lines 
20-40 are the equivalent of LET R= 765120. f the input tothe User port is 
‘changed whilst this program is running the number printed on the VOU 
‘screen will change (further details on the use of the USR instruction can b 
found in the BEC User Guide.) Unfortunately the number printed by this 
program is rather complex and gitficult to decipher. Possibly the easiest 
way to determine the value obtained from the User port is to ensure that 
the first time the User port js read the input is at a set level and the value 
read therefrom (s used in subsequent comparisons, The program below 
illustrates such a determination: 











10 cls 

20 *FX151,98,0 

‘30. PRINT;""ENSURE THAT ALL DATA LINES ARE SET TO 0 
voUTs" 

40 LET Z=INKEY(10000) 





70 Q=USRI65524) 
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8 cis 
90 PRINT;"NOW APPLY YOUR SIGNAL TO THE DATA LINES" 

400 

110 

120 

130 

140 PRINT \R~0)/65536 

150 LET P=TIME 

160 REPEAT UNTIL TIME=P+50 

170 GOTO 110 
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Computer Programs which Illustrate the Storage of Numbers in a Binary 
Form in one (Eight Bit) Byte 
In Chapter 3 the storage of numbers in one (eight bit) byte is descr 
This sa quite difficult concept to comprehend, and unfortunately afulland 
complete understanding is necessary before it is possible to maxim 
‘usage of certain areas of programming and interfacing (for example output 
Control}, To help in understanding data storage ina byte the following two 
programs have been devised. 

The first program demonstrates how a number (0-255) ent 
byte is stored in terms of a bit pattern 

















intoo 


10 MODE? 
20 PRINT TABIS5,3);""ENTER YOUR VALUE” 
30 PRINT TABI22,3);" 

40 INPUT TABI22.31 A 

50 PRINT TABI34,8); 
60 PRINT TABI32,8)/"= 
70 LET B=256 

80 FORN«7 TOOSTEP —1 
90 PRINT TABIN4,5):"BIT™ 

100 PRINT TABIIN*4 + 1),6) 

110 PRINT TABIIN* + 1),8):(A MOD 8) DIV (8/2) 

120 LET B=B/2 

130 NEXT'N 

440 GOTO 30 











Inthe second program it's possible to enter either @‘0"or 1" intoeach bit 
In the byte to determine the number that corresponds to a certain bit 
patter. 


10 MODE7 
20 0. 
30 PRINT TAB(1,3);""ENTER THE VALUE IN BIT" 
40 FORN=0T07 

50 PRINT TABIN"4.5):"BIT* 

60 PRINT TABIN"4 + 1,6):N 

70 NEXT N 

80 FORN=0707 
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PRINT TABIZ4.31:N 
INPUT TABI26,3}), 
PRINT TAB(26,3)/"—" 
IFA>1 THEN GOTO $0 
PRINT TABIN'4 +1818 
\FA=1 THEN LET D=0+2N 
NEXT N 

PRINT TABI32,8); 
PRINT TABI1,3); 
\VDU 29;8202;0;0,0; 

PRINT TAB(O,15);""PRESS THE SPACE BAR TO START 
AGAIN 

LET C$ =INKEY'$(20000) 

\FC8=""" THEN GOTO 10 

GOTO 190 
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‘The Use of Hexadecimal Notation 
In the majority of situations itis possible to use conventional (decimal) 
numbers when programming. However there are situations in which it is 
Important to "have an understanding of hexadecimal notation. Thet 
situations are: 

{i} When consulting publications which present their numbers in hexa- 
{fecimal notation (for example: the BBC User Guide describes the 
addressing of memory locations in hexadecimal). 

4) When saving to oF loading from disc using the * SAVE and * LOAD 
‘commands. (See Chapter 4) 

Hexadecimal notation uses the base 16 unlike decimal (base 10) and 

binary (base 2), This obviously needs extra digits for numbers from 10 10 

15, The letters A to F are used for this as follows: 

















Decimal Hexadecimal 


Srmonw>vevensuns 


Itis not necessary to describe in detail how to convert decimal numbers 
Into their hexadecimal counterpart since the computer can do this for you. 

“The BASIC language only understands number to be in hexadecimal it 
& (called ampersand) appears before it. thus: 





&2000 is considered as 3 hex number. 


‘To convert this to decimal simply type into the computer: 
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PRINT &2000 
Which will return with the decimal equivalent 8192. 
Decimal numbers ean be convurted to hexadecimal by entering 
PRINT 8192 
‘which will return with 2000. 
When addressing memory using the indirection operators, memory 


locations may be addressed using either decimal or hexadecimal notation 
but i hexadecimal is used the number must be prefixed with &. 
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AA List of Equipment and Software Suppliers 
‘The list below indicates a range of suppliers who sell equipment and 
software which is suitable for use in computer interfacing. This list is not 
Intended to be comprehensive and it may be possible to obtain more 
sultable and/or cheaper equipment from other suppliers. 














ACK Dats, Palmer Bioscience, 
21, Salcombe Drive, Harbour Estate 
Reahil, Sheerness, 
Nottingham, Kent, 
NGS BUF, Mer? 1Rz, 
UK 
& Industrial Com Philip Harris Ltd., 
Polytechnic, Lynn Lane, 
Shenstone, 
Stats 
WS14 OEE, 
UK. 
AS. Components Ltd., 
P.O, Box 99, 
Corby, 
Northants, 
NNN17 ORS, 
UK 
Griffin and George, 
Hoad Office, Unitab Ltd. 
Ealing Road, Clarendon Root 
Alpertan, Blackbuin, 
Wembley, 881 OTA, 
Middlesex, Ux. 
HAO 1H, 


UK, 


Index 








|A-D converter (BBC, ‘Analogue in 
port) 1-3 
accuracy 2,7 
aavantages 7 
Diesize 2 
chennel numbering 3.8 
fivwct input to 92-3 gredient 53-6 
tunetions. 2 
*FXI8 9, 44, 49, 52.77 
number of channels 3, 8 
positon 6 








®, 
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This book presents the important field of computer 
interfacing at a level which all biologists can understand and 
apply in the laboratory situation. Whilst an elementary 
knowledge of the BASIC language would assist the reader, the 
absolute beginner may learn both programming and 
interfacing from thistext. Although examples given are based 
on the BBC model B microcomputer, the principles can be 
applied to any system 


Starting with a simple over view of computer interfacing the 
book develops the various themes of signal input, data 
storage and output control, all of which are aimed at the 
requirements of biologists. A chapter on data analysis, 
describes numerous ways in which biological signals can be 
examined and this theme is continued in a chapter showing 
specific applications. Data presentation is also covered froma 
biological viewpoint examining the graphs and histograms 
which form an important part of biological presentation, 


The value of this bookis thatit approaches the whole problem 
inthe simplest yet most effective manner in away which you 
would expect from biologists writing for biologists. 





Each example has been thoroughly researched and the book 
contains numerous hints to help biologists on their way. 
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